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EDITOR'S    PREFACE   TO   THE    SECOND 

EDITION. 


The  favorable  reception  accorded  to  the  first  American  edition  of 
Bohm  and  DavidofTs  Text-book  of  Histology  has  justified  the  as- 
sumption expressed  by  the  editor  in  his  preface  to  the  former  edition, 
that  an  English  translation  of  this  work  would  meet  with  approval 
from  American  and  English  teachers  and  students. 

In  the  preparation  of  this  second  American  edition  the  editor 
has  retained  in  general  the  same  arrangement  of  the  subject-matter 
as  presented  in  the  former  edition.  The  revision  of  the  text  has 
given  opportunity  to  take  cognizance  of  the  many  contributions  to 
our  knowledge  of  the  ultimate  structure  of  tissues  and  organs  and 
of  their  histogenesis  which  have  appeared  in  recent  years,  and  in 
doing  so,  many  of  the  chapters,  especially  those  dealing  with  gen- 
eral histology,  have  been  subjected  to  extensive  alterations.  Re- 
cognition has  also  been  given  to  the  results  obtained  by  the  use  of 
precise  methods  of  plastic  reproduction,  methods  which  have  been 
especially  useful  in  giving  clearer  and  more  accurate  conceptions  of 
the  form  and  relationship  of  anatomic  structures,  too  small  and  too 
delicate  to  admit  of  disassociation  by  means  of  methods  of  macera- 
tion and  teasing  and  too  complicated  to  admit  of  full  interpretation 
by  means  of  sections.  Maziarski's  observations  on  the  form  and 
relationship  of  the  ultimate  divisions  of  the  tubular  systems  of  many 
of  the  more  important  glands  have  been  embodied,  also  the  results 
of  numerous  reconstructions  made  in  the  Histological  Laboratory 
of  the  University  of  Michigan. 

The  text  of  this  edition  has  been  extended  by  some  fort>'  pages, 
and  the  illustrations  have  been  increased  from  three  hundred  and 
fifty-one  to  three  hundred  and  seventy-seven.  Recognizing  the 
fact  that  a  text-book  of  Histology  is  a  book  which  of  necessity 
needs  to  be  constantly  used  in  the  laboratory,  and  its  size  is, 
therefore,  a  matter  of  some  importance,  the  editor  seemed  justi- 
fied, in  view  of  the  fact  that  an  increase  in  the  number  of  text-pages 
.seemed  inevitable,  to  dispense  in  the  present  edition  with  the  list  of 
references  to  the  literature  (some  twenty  pages)  which  appeared  in 
the  former  edition. 

G.  Carl  Huber. 
Laboratory  of  Histology  and  Embryology, 
University  of  Michigan, 
August,  1^04. 


EDITORS   PREFACE   TO  THE  FIRST 
EDITION. 


The  "  Text -book  of  Histology  "  by  Bohm  and  v.  Davidoff,  as  stated 
by  the  authors  in  the  preface  to  the  first  edition,  presents  as  fully  as 
possible,  from  both  the  theoretic  and  technical  standpoints,  the  subject- 
matter  of  the  lectures  and  courses  in  histology  given  to  students  in  the 
University  of  Munich.  The  authors  further  state  that  in  the  completion 
of  their  work  they  had  the  constant  aid  and  advice  of  Professor  von 
Kupffer,  and  had  at  their  disposal  the  sections  in  the  collection  of  the 
histologic  laboratory  in  Munich,  which  were  freely  used  in  the  selection 
and  preparation  of  the  illustrations  accompanying  the  text. 

The  excellence  of  the  text  and  illustrations  of  the  German  edition, 
attested  by  all  familiar  with  the  work,  and  the  cordial  reception  which  it 
has  received  from  both  students  and  investigators,  justify  the  belief  that 
an  English  translation  will  meet  with  approval  from  American  and 
English  teachers  and  students. 

In  the  preparation  of  this  American  edition  the  editor  has  retained 
substantially  all  the  subject-matter  and  illustrations  of  the  second  German 
edition,  although  certain  minor  changes  in  the  arrangement  of  the  text 
seemed  desirable.  Additions  to  the  German  text  have  been  freely  made. 
The  sections  on  the  Motor  and  Sensory  Nerve-endings  and  on  the  Spinal 
and  Sympathetic  Ganglia  have  been  greatly  expanded,  and  the  Innerva- 
tion of  Glands  and  Organs  has  been  considered  much  more  fully  than  in 
the  original.  Our  knowledge  of  the  normal  function  of  tissues  and 
organs  is  so  dependent  on  a  correct  understanding  of  their  innervation 
that  this  subject  seemed  deserving  of  fuller  consideration  than  is  generally 
given  it  in  text-books  of  this  scope.  The  glands  with  internal  secretion 
have  also  been  considered  more  fully  than  in  the  original  text,  their  im- 
portance necessitating  such  treatment.  More  than  one  hundred  illustra- 
tions, the  majority  of  them  from  original  drawings,  have  also  been  added. 
In  making  these  and  other  minor  additions  the  editor  has  striven  to 
stamp  his  own  work  with  the  excellent  features  of  the  German  text,  and 
trusts  that  his  endeavors  may  have  added  to  the  usefulness  of  the  book. 

The  editor  acknowledges  with  pleasure  his  indebtedness  to  Dr. 
Herbert  H.  Gushing  for  his  excellent  and  accurate  translation,  and  for 
suggestions  received  from  him.  The  publishers,  Messrs.  Saunders  & 
Company,  have  shown  throughout  the  greatest  interest  in  the  work,  and 
deserve  the  gratitude  of  the  editor  for  their  ready  acquiescence  in  all 
suggestions  made  by  him,  for  the  excellent  reproduction  of  his  drawings, 
and  for  the  suggestions  made  to  him.  The  editor  is  particularly  in- 
debted to  his  able  assistant.  Dr.  Lydia  M.  De  Witt,  for  valuable  assistance 
rendered,  more  especially  in  the  tedious  work  of  proof-correction,  for 
which  he  expresses  his  sincere  appreciation  and  gratitude. 

G.  Carl  Huber. 
University  c»f  Mk  ukian,  Ann  Arbor,  Mich. 
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INTRODUCTION  TO  MICROSCOPIC 
TECHNIC. 

I.   THE  MICROSCOPE  AND  ITS  ACCESSORIES. 

A  detailed  description  of  the  microscope  and  its  accessory  appa- 
ratus hardly  lies  within  the  scope  of  this  book.  If,  notwithstanding, 
a  few  points  be  touched  upon,  it  is  done  only  that  the  beginner 
may  have  a  working  knowledge  of  the  different  parts  of  the  instru- 
ment which  he  must  use.  A  more  intimate  knowledge  of  the  theory 
of  the  microscope  may  be  acquired  by  studying  such  works  as 
those  of  Dippel,  A.  Zimmermann,  and  Carpenter. 

Histologic  specimens  are  examined  with  the  aid  of  the  micro- 
scope, an  instrument  which  magnifies  the  objects  by  means  of  its 
optic  apparatus.  For  this  purpose  simple  microscopes,  consisting 
of  one  or  more  converging  lenses  or  lens  systems  may  be  used, 
though  they  generally  do  not  give  sufficient  magnification  to  be  of 
much  service  in  the  study  of  histologic  specimens ;  they  give  an 
erect  image  of  tlie  object  observed.  When  greater  magnification 
is  desired,  it  is  necessary  to  use  a  compound  microscope,  consist- 
ing generally  of  two  or  more  lens  systems,  giving  an  enlarged, 
inverted,  real  image  of  the  object  observed.  The  lens  system  of  a 
compound  microscope  may  be  changed  according  to  the  needs  of 
tlie  case,  and  thus  a  variation  in  the  magnification  of  the  object 
obtained.  The  rest  of  the  instrument  consists  of  a  framework 
called  the  stand,  the  lower  portion  of  which  consists  of  a  foot- 
plate or  base.  From  the  base  rises  the  column  or  pillar,  to 
which  the  other  parts  of  the  microscope  are  attached.  From  below 
upward  come  the  movable  mirror,  the  stage  and  substage  with 
diaphragm  and  condenser,  and  the  tube  with  pinion  and  fine  adjust- 
ment. One  side  of  the  mirror  is  concave,  and  serves  to  concentrate 
the  rays  of  light  in  the  direction  of  a  central  opening  in  the  stage. 
The  other  side  is  plane.  If  the  objects  are  to  be  examined  by 
direct  illumination,  and  not  by  transmitted  light,  the  mirror  is  so 
placed  that  the  rays  are  reflected  away  from  the  opening  in  the  stage. 
The  specimen  to  be  examined  is  placed  on  the  stage,  over 
the  central  opening.  If  the  light  be  too  strong,  the  opening  may 
be  diminished  in  size  by  means  of  a  diaphragm.  In  some  instru- 
ments these  diaphragms  are  placed  in  the  opening  of  the  stage,  and 
consist  of  plates  with  different  sized  apertures.  A  better  form  is 
composed  of  one  large  disc  containing  several  apertures  of  different 
sizes.  This  is  fastened  to  the  under  surface  of  the  stage  in  such  a 
way  that  by  revolving  the  disc  the  apertures  may  be  brought  one 
2  17 
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after  the  other  opposite  the  opening  in  the  stage.  A  much  better 
diaphragm,  constructed  on  an  entirely  difterent  principle,  is  the  so- 
called  iris  diaphragm.  Although  its  opening  is  not  exactly  circu- 
lar, yet  it  has  the  advantage  of  being  easily  enlarged  or  contracted 
by  manipulating  a  small  handle  controlling  the  metal  plates  sliding 
over  one  another. 

The  tube,  which  is  contained  in  a  close-fitting  metal  sheath, 
is  attached  to  the  upright  of  the  microscope.     In  the  simpler  forms 


Rjick  and  pinion  (or 
coarse  adjustment. 


Triple  noBe-piec€. 
Ob|ec  Lives. 


.  Mictxitneter  screw  (or 
fine  adjustment. 


Suge. 


Iris  dinphmgm  and 
Abbe  cwndcfisirr. 


Screw  (or  focusing 
condenser. 

Mirror. , 


PilUr. 


^-  Stand. 


of  microscopes  t!ie  tube  is  raised,  lowered,  or  twisted  by  hand.  In 
more  complicated  instruments  the  upward  and  downward  move- 
ments are  accomplished  by  means  of  a  rack  and  pinion— coarse 
adjustment.  A  micrometer  screw — fine  ad|ustrnent — situated 
at  either  the  u[)pcr  or  the  lower  end  of  the  ujiright,  controls  the  fine 
adjustment.  The  tube  possesses  an  upper  and  a  lower  opening,  into 
which  lenses  may  be  laid  and  screwed.  The  ocular,  into  the  ends 
of  which   lenses  are   inserted,   fits  into  the  upper  opening.     The 
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upper  is  called  the  ocular  lens,  the  lower  the  collective  lens.     The 
objective  system,  which  is  a  combination  of  several  lenses  or  lens 
-.systems,  the  lowest  and  smallest  of  which  is  known  as  the  front 
^Ifns,  is  screwed  into  the  lower  opening  of  the  tube. 

All  larger  instruments  possess  several  oculars  and  objec- 
tives, which  tugether  j^ive  different  magnifications  according  to  tlie 
combinations  used.  For  most  objects  a  magnification  of  500  diam- 
rCtcrs  is  all  that  is  required,  but  to  obtain  this  and  still  have  a 
clear  and  bright  field  the  ordinary'  lenses  are  hardly  sufficient.  The 
greater  the  magnification,  the  darker  is  the  field.  To  avoid  this, 
illuminating  mechanisms  (condensers.  Abbe's  apparatus)  have  been 
constructed,  by  means  of  which  the  rays  of  light  are  concentrated 
and  controlled.  This  arrangement  is  absolutely  necessary  for  deli- 
cate work. 

Even  with  the  aid  of  such  an  apparatus  the  tlrv  objective  sys^ 
\  terns  are  not  sufficient.  With  them  the  rays  of  light  must  pass 
I  through  different  media  having  various  indices  of  refraction.  The 
rays  pass  from  the  object  through  the  cover-slip,  and  then  through 
the  air  between  the  latter  and  the  objective  system.  They  are  thus 
deflected  in  different  directions — a  defect  which  would  be  avoided 
if  the  rays  were  made  to  pass  through  a  single  medium.  This  latter 
condition  may  he  practically  brought  about  by  placing  between  the 
objective  and  the  cover-glass  a  drop  of  some  fluid  having  about  the 
same  refractive  inde.x  as  the  glass.  The  lens  is  then  lowered  into 
the  fluid.  As  this  invention  has  proved  useful,  so-called  immersion 
lenses  have  been  made  during  recent  years.  There  are  thus  two- 
kinds  of  lens  systems — the  dry  and  tlie  immersion  lenses.  The 
latter  are  divided  into  two  groups — lenses  with  water  and  those 
with  oil  immersion.  As  oil  has  a  greater  index  of  refraction  than 
water,  and  one  more  nearly  approaching  that  of  glass,  the  oil- 
immersion  lenses  arc  at  present  the  best  objectives  that  we  possess. 
Karl  Zeiss,  of  Jena,  and  other  microscope  makers,  have  in  late 
years  mxide  tenses  from  a  special  sort  of  glass  which  reduces  to  a 
minimum  the  chromatic  and  .spheric  aberration  of  the  rays  of  light 
in  their  passage  through  the  objective  (apochromatic  lenses). 

The  rays  of  light  reflected  from  the  mirror  and  passing 
through  the  object  are  refracted  by  the  objective  systetn  in  such  a 
way  that  they  are  focused  in  a  so-called  real  image  at  a  point  about 
half-way  up  the  tube.  This  picture  is  an  inverted  one,  the  right 
side  of  the  microscopic  field  being  at  the  left  of  the  real  image,  and 
the  upper  portion  below.  The  picture  is,  in  other  words,  rotated 
iKo  degrees.  By  means  of  the  ocular  the  real  image  is  again  mag- 
nified— virtual  image — but  no  longer  inverted,  although  to  the  eye 
of  the  microscopi.st  the  field  actually  appears  inverted.  To  shut  out 
the  rays  of  light,  which  cause  a  diffiised  picture,  diaphragms  are 
sometimes  introduced  into  the  tube  as  well  as  into  the  ocular.  (See 
Fig.  2.) 

The  objects  to  be  examined  are  placed  upon  a  glass  plate 
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called  a  slide.  Microscopic  slides  are  of  diflerent  sizes,  and  are 
usually  oblong  in  shape.  Those  in  most  common  use  are  three 
inches  long  and  an  inch  wide.  The  object  is  covered  by  a  very 
much  smaller  and  thinner  glass  plate — the  cover-slip.     The  whole 

preparation  is  then  placed  upon  the 
stage  in  such  a  way  that  the  cover- 
slip  is  upward  and  immediately  be- 
neath the  end  of  the  tube.  The 
mirror  of  the  microscope  is  now  so 
adjusted  as  to  concentrate  the  rays  of 
light  on  the  preparation,  illuminating 
it  as  much  as  is  necessarj'.  By  means 
o(  the  rack  and  pinion,  or  coarse 
adjustment,  the  whole  tube  is  now 
slowly  lowered  toward  the  cover-slip 
until  the  bare  outlines  of  the  object 
are  dimly  seen  in  the  white  field. 
From  this  point  on,  the  micrometer 
screw,  or  fine  adjustment  is  used  in 
bringing  the  front  lens  down  to  its 
proper  focal  distance  from  the  prep- 
aration. The  object  is  now  seen  to 
be  clear  and  well  defined.  By  turn- 
ing the  screw  to  the  right  or  the  left, 
different  parts  of  the  specimen  are 
brought  more  clearly  into  view,  this 
result  being  due  to  the  fact  that  not 
all  points  in  the  preparation  are  in  the 
same  plane. 

In  studying  objects  it  is  always 
well  to  draw  them,  using  a  sharpened 
pencil  and  smooth  paper.  The  be- 
ginner soon  finds  that  with  constant 
practice  he  can  sketch  the  different 
parts  of  the  field  in  nearly  their  proper 
relationship.  This  by  no  means  easy 
work  is  facilitated  by  the  use  of  a 
drawing  apparatus  called  the  camera 
lucida.  The  best  of  these  is  that 
devised  by  Abbe.  It  is  fastened  to 
the  upper  end  of  the  tube,  above  the 
ocular.  The  apparatus  is  so  made 
that  both  the  preparation  and  the 
drawing  surface  are  seen  by  the  same 
The  microscopic  field  is  .seen  directly,  while  the  drawing  sur- 
face is  made  visible  by  means  of  a  mirror.  When  the  apparatus 
is  in  place  and  the  drawing  commenced,  it  appears  to  the  one 
sketching  as  if  his  pencil  were  moving  over  the  pieparation  itself 


?'!{{.  2. — '.haf^ram  showing  the 
principle  of  a  coni{Kiund  microscope 
with  the  course  of  the  rays  from  the 
object  ia  /t)  through  the  oJ>jective 
to  the  real  image  <^*  a*),  thence 
through  the  (xrular  and  into  the  eye 
to  the  retinal  image  (ti^  P),  and 
the  projection  of  the  retinal  image 
into  the  field  of  Tision  as  the  virtual 
image  '  /^//*).  —  CFig  21,  Gage,  The 
Micr<iM:of>e,  eighth  edition. ) 
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Outlines  are  reproduced  on  paper  with  great  exactness  both  as 
to  form  and  size ;  finer  details  must  of  course  be  sketched  in  free 
hand. 

Kvery  preparation  should  first  be  examined  with  a  low  power, 
and  only  after  the  student  has  studied  the  s[X?cimen  as  a  whole  and 
found  instructive  areas  should  the  higher  powers  be  used 
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In  many  cases  the  making  of  a  microscopic  preparation  is  a  very 
simple  proc;ediire,  especially  when  fresh  objects  are  to  be  examined.  A 
drop  of  blood,  for  instance,  may  simply  be  placed  upon  a  slide,  covered 
with  a  cover-slip,  and  examined.  Other  oltjects,  as  the  mesenter)',  thin 
transparent  nerves,  detached  epithelia,  spermatozoa,  etc.,  need  no  further 
preparation,  but  may  be  examined  at  once. 

Portions  of  larger  organs  are  often  studied  after  having  been 
teased,  which  may  be  done  by  means  of  two  needles  fastened  in  handles. 
If  the  objects  be  composed  of  fibers  running  in  parallel  directions,  one 
needle  is  thriLst  into  the  substance  to  hold  it  in  place,  while  the  other  is 
used  to  tear  the  fibers  apart.  This  method  is  used  in  examining  muscles, 
nerves,  tendons,  etc. 

Some  tissues  are  so  constituted  that  they  can  only  be  investigated  by 
means  of  sections,  which  permit  a  study  of  their  elements  and  the  rela- 
tionship of  the  same  to  each  other.  In  this  method  an  ordinary  razor, 
moistened  in  some  fluid,  may  be  employed.  As  a  rule,  it  is  not  the  size 
of  the  section,  but  the  thinness,  which  is  important.  This  latter  is 
obtained  only  by  practice.  Every  microscopist  ought  to  become  accus- 
tomed to  malting  free-hand  sections  u^ith  the  razor.  It  is  the  simplest  of 
all  methods,  is  very  rapid,  and  is  especially  useful  in  the  tiuick  identifica- 
tion of  a  tissue.  In  cutting  fresh  so-called  parenchymatous  tissues,  such 
as  liver  and  kidney,  an  ordinar)'  razor  is  not  suflicient.  Here  a  dout>le 
knife  is  necessary.  This  consists  of  two  blades,  which  are  so  placed  one 
above  the  other  thai  their  dista!  ends  tomh,  while  iheir  proximal  ends 
are  slightly  separated.  The  distance  of  the  blades  from  each  other  is 
regulated  by  a  screw.  If  this  be  removed  the  knives  may  be  separated 
for  cleaning.  In  making  sections,  only  those  portions  of  the  blades 
are  of  importance  which  arc  very  clo.se  together  but  do  not  actually 
touch.  Sections  are  cut  by  drawing  the  moistened  instrument  quickly 
through  an  organ,  as,  for  instance,  a  fresh  liver.  As  the  organ  is  cut  in 
two,  a  very  thin  section  of  the  tissue  remains  between  the  blades.  This 
is  removed  by  taking  out  the  screw  and  separating  the  blades  in  normal 
salt  solution.  Organs  of  a  similar  consistence  can  be  frozen  and  then  cut 
with  an  ordinary  razor  the  blade  of  which  has  been  cooled.  Sometimes 
good  results  may  be  obtained  by  drying  small  pieces  of  tissue,  as,  for 
instance,  tendon. 

.\s  sections  or  small  pieces  of  fresh  tissue  would  soon  become 
dry  when  placed  on  the  slide,  they  must  be  kept  moist  during  examina- 
tion. They  are  iheretbre  mounted  in  so-called  indifferent  fluids 
(placed  on  the  slide  and  immen>ed  in  a  few  drops  of  the  indifferent  fluid 
and  covered  with  a  cover-slip;.  'I'hese  have  the  power  of  preserving 
living  tissues  for  some  lime  without  change.     Such  fluids,  for  instance,  are 
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the  lymph,  the  aqueous  humor,  serous  fluids,  amniotic  fluid,  etc.  Artifi- 
cial indiflerent  fluids  are  much  used  and  should  always  be  kept  in  stock. 
Of  this  class,  the  following  are  useful : 

1.  Physiologic  saline  solution:  A  0.75%  solution  of  sodium 
chlorid  in  distilled  water. 

2.  Schultze's  iodized  serum:  A  saturated  solution  of  iodin  or 
tincture  of  iodin  in  amniotic  fluid. 

3.  Ranvier's  solution  of  iodin  and  potassium  iodid :  A  satu- 
rated solution  of  iodin  in  a  2  %  solution  of  potassium  iodid. 

4.  Kronecker's  fluid :  Distilled  water,  100  c.c. ;  sodium  chlorid, 
5  gm. ;  sodium  carbonate,  0.06  gm. 

5 .  Solution  of  Ripart  and  Petit :  Copper  chlorid,  o.  3  gm.  ;  cop- 
per acetate,  0.3  gm.  ;  aqua  camphorae,  75  c.c.  ;  distilled  water, 
75  c.c.  ;  and  glacial  acetic  acid,  i  c.c.  After  mixing,  this  solution 
is  yellow,  but  clears  up  within  a  few  hours,  and  should  then  be 
filtered. 

The  examination  of  fresh  tissues  comes  far  from  revealing  all  the 
finer  details  of  their  structure.  This  is  partly  due  to  the  fact  that  the 
indices  of  refraction  of  the  different  elements  of  the  tissues  are  too  nearly 
alike,  in  consequence  of  which  the  outlines  are  somewhat  dimmed  ;  and 
also,  that  changes  occur,  even  during  the  most  careful  manipulation  of 
the  tissues,  which  result  in  pictures  somewhat  different  from  the  normal. 
With  many  tissues  and  organs  while  yet  fresh  it  is  also  somewhat  difficult 
to  obtain  a  separation  of  their  constituent  elements.  It  is  therefore 
generally  necessary  to  subject  tissues  or  organs  to  special  methods  of 
treatment  before  they  may  be  studied  microscopically  with  any  degree 
of  profit.  Certain  of  these  methods,  such  as  have  proved  by  experience 
to  possess  reliability,  shall  receive  consideration  in  the  following  pages. 

METHODS  OF  MACERATION. 

The  reagents  employed  for  the  maceration  of  tissues  have  in  general 
the  property  of  softening  or  removing,  partly  or  completely,  certain  con- 
stituents of  the  tissues,  while  they  at  the  same  time  harden  or  fix  other 
tissue  elements.  Generally  the  ground-substance  or  intercellular  sub- 
stance is  softened  or  removed  while  the  cellular  or  other  constituents 
undergo  fixation.  Tissues  thus  treated  when  subjected  to  teasing, 
crushing,  shaking,  or  brushing  with  a  camel' s-hair  brush,  are  readily 
broken  up  into  their  constituent  elements,  giving  useful  and  instructive 
preparations. 

1.  Alcohol,  30%  (Ranvier).  Dilute  one  volume  of  alcohol 
(95%)  with  two  volumes  of  distilled  water.  Small  pieces  of 
tissue  are  macerated  in  this  solution  in  twenty-four  hours  to  forty- 
eight  hours.  It  is  often  advantageous  to  fix  the  pieces  thus 
macerated  for  alx)ut  an  hour  in  ^jf,  to  i  9^  osmic  acid.  Useful 
for  macerating  epithelia. 

2.  Dilute  solutions  of  chromic  acid,  i//f  to  ■^%.  Small 
pieces  of  tissue  remain  in  this  solution  one  to  several  days.  Use- 
ful for  macerating  epithelia. 

3.  Concentrated  aqueous  solution  of  caustic  potash.  Small 
pieces  of  tissue  are  macerated  in  fifteen  minutes  to  an  hour. 
They  are  then  transferred  to  a  saturated  aqueous  solution  of  acetate 
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of  potassium,  which  interrupts  the  action  of  the  macerating  fluid. 
Useful  for  macerating  epithelia  and  involuntary  and  heart  muscle. 

4.  Hydrochloric  acid,  2Q'/f;  1030%  aqueous  solution  Mace- 
rates small  pieces  of  tissue  in  twelve  to  twent\'-four  hours.  The 
pieces  are  then  thoroughly  washed  in  water.  Useful  for  isolating 
the  uriniferou.s  tubules  and  macerating  glands. 

5.  Nitric  acid,  lo^,  to  20^^  aqueous  solution  or  made  up  with 
normal  salt  solution.  Macerates  small  pieces  of  tissue  in  twenty- 
four  to  forty -eight  hours.  \N'ash  thoroughly  in  water.  Useful  for 
macerating  mvolunlar}"  and  voluntary  muscle. 

6.  J.  B.  MacCallum  ("Contributions  to  Medical  Science," 
Baltimore,  1900)  recommends  the  following  nitric  acid  mixture 
for  isolating  heari-inustle  fitters  of  embrvos  and  adults  :  Nitric 
acid,  I  f>art  ;  glycerin,  2  parts ;  water,  2  parts.  The  hearts 
remain  in  this  Huid  from  eight  hours  to  three  days,  according  to 
their  sixe,  and  are  then  transferred  to  a  5^  atjueous  solution  of 
glycerin.  This  method  is  especially  useful  for  obtaining  prepara- 
tions showing  the  arrangement  of  the  heart-niuscle  fibers. 

7.  Nitric  acid  and  chlorate  of  poia.ssium  (Schulze).  Powder 
the  chlorate  of  potassium  and  add  sufficient  nitric  acid  to  make  a 
ihiii  paste.  Embed  the  tissue  to  be  macerated  in  this  paste,  in 
which  they  remain  from  one  to  several  hours.  They  are  then 
washed  in  water.  Useful  for  isolating  the  branched,  voluntary 
muscle-fibers  of  the  tongue  of  a  frog. 

8.  Concentrated  sulphuric  acid.  Useful  for  isolating  the  comi- 
fied  cells  of  the  epidermis,  nails,  and  hair. 
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The  fixing  fluids  most  used  for  general  purposes  are  the  following: 
Alcohol, — .Alcohol  is  frequently  used  as  a  fixing  fluid.  It  is  at 
the  same  time  a  hardening  fluid,  as  the  water  of  the  tissues  is  withdrawn 
and  their  albumin  coagulated-  Small  or  thin  pieces  are  put  immediately 
into  absolute  alcohol,  in  which  they  remain  for  from  twelve  to  twenty- 
four  hours.  The  period  required  for  fi.vation  may  l>e  greatly  shortened 
by  changing  the  absolute  alcohol  at  the  end  of  one  or  two  hours.  In 
the  case  of  larger  pieces,  a  successive  immersion  in  gradually  increasing 
strengths  of  alcohol  (50%,  70^,  90'/^)  is  the  method  chosen.  Pieces 
I  c.c.  in  size  remain  for  twenty-four  hours  in  each  grade  of  alcohol, 
larger  pieces  for  a  proportionately  longer  lime.  Alcohol  used  in  this  way 
is  a  hardening  fluid  rather  than  a  fi.\ing  fluid. 
Carnoy's  Ac«tic-alcohoI  Mixtyre.— 

Glacial  acetic  ncid I  part. 

Absolute  alcohol .     3  jjarts. 

Fixes  very  rapidly.  Pieces  of  i  centimeter  in  thickness  are  fixed  in 
one -half  hour  to  one  hour.  The  aftcr-ircatment  is  with  al>soluie  alcohol, 
which  should  be  renewed  at  the  end  ol  twenty  four  hours, 

Carnoy's  Acetic  Acid-alcohol -chloroform  Mixture. — 

Glacial  aceUc  acid     ...  i  part. 

Chlorofurin          .....  3  parts. 

Absolute  alcohol d     " 

Fixes  very  rapidly,  even  larger  |»ie< :es  in  from  one-lialf  to  one  hour. 
The  after-treatment  is  with  absolute  alcohol. 


24  THE   MICROSCOPIC   PREPARATION. 

Osmic  acid  is  a  reagent  that  kills  quickly,  fixes  protoplasm  exceed>- 
ingly  well,  but  nuclei  not  so  well,  and  colois  certain  tissues.  Only 
small  pieces  can  be  fixed  in  this  fluid,  as  it  does  not  easily  penetrate  the 
tissues.  It  is  ordinarily  used  in  a  ^^^  to  i%  aqueous  solution,  the 
objects  remaining  immersed  twenty-four  hours.  They  are  then  washed 
in  running  water  for  the  same  length  of  time,  after  which  they  are  trans- 
ferred to  90%  alcohol.  Very  small  objects  may  be  treated  with  osmic 
acid  in  the  form  of  vapor  (vaporization).  This  is  done  as  follows:  A 
very  small  quantity  of  osmic  acid  solution  is  put  in  a  small  dish.  The 
object  is  then  suspended  by  a  thread  in  such  a  way  that  it  does  not  come 
in  contact  with  the  fluid.  The  dish  should  be  covered  with  a  well-fitting 
lid. 

Flemminsf's  Solution. — A  solution  with  a  similar  action,  but  fixing 
nuclear  structures  better  than  osmic  acid,  is  the  chromic -osmic-acetic 
acid  solution  of  Flemming : 

Osmic  acid,  i  %  aqueous  solution  .    .  lo  ports. 

Chromic  acid,  i  %  aqueous  solution  ...  25  " 
Glacial  acetic  acid,  I  %  aqueous  solution  .10  *• 
Distilled  water 55     " 

Small  pieces  are  fixed  in  a  small  quantity  of  the  fluid  for  at  least 
twenty-four  hours,  sometimes  for  a  longer  period,  extending  even  to 
weeks.  They  are  then  washed  for  twenty-four  hours  in  running  water  and 
passed  through  50%,  70%,  and  80%,  each  twenty -four  hours,  into  90% 
alcohol. 

Flemming  also  recommends  a  stronger  solution,  which  is  made  as 
follows : 

Osmic  acid,  2^  aqueous  solution     ....    4  parts. 
Chromic  acid,  l%  aqueous  solution    ...  15     ** 
Gladal  acetic  acid i  part. 

Pel's  Solution. — Fol  has  recommended  the  following  modification 
of  Flemming' s  solution : 

Osmic  acid,  I  %  aqueous  solution    ....    2  parts. 


Chromic  acid,  i  ^  aqueous  solution     ...  25 

Glacial  acetic  acid.  1  'ii,  anurous  solution  c 

Distilled  water 


Glacial  acetic  acid,  2^  aqueous  solution    .5     '* 


The  afler-treatment  is  the  same  as  for  Flemming's  solution. 

Hermann's  Solution. — Very  good  results  sometimes  follow  the 
use  of  the  platinmn-acetic -osmic  acid  solution  of  Hermann  (89,  i).  It 
is  employed  as  is  Flemming's  solution : 

Osmic  acid,  2%  aqueous  solution    ....    4  parts. 
Platinum  chlorid,  l%  aqueous  solution  .    .  15     " 
Glacial  acetic  acid 1  part. 

After  fixing  with  this  solution,  Flemming's  solution,  or  any  other 
osmic  mixture,  the  subsetjuent  treatment  with  alcohol  may  be  followed 
by  crude  pyrol igneous  acid.  The  objects  are  placed  for  from  twelve  to 
twenty-four  hours  in  the  latter  and  then  again  immersed  in  alcohol.  The 
result  is  a  peculiar  coloring  of  the  specimen  which  often  makes  subsequent 
staining  (see  below)  unneces.sary  (Hermann). 

Corrosive  Sublimate. — .\n  excellent  fixing  fluid  is  made  by 
saturating  distilled  M-ater  or  a  physiologic  saline  solution  (see  p.  22)  with 
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corrosive  sublimate.  Small  pieces,  about  0.5  cm.  in  diameter,  are  im- 
mersed in  this  fluid  for  from  three  to  twenty-four  hours,  are  then  washed 
in  nmning  water  for  twenty-four  hours,  and  then  transferred  into  70^ 
alcohol.  After  twenty -four  hours  ihe  tissues  are  placed  in  So'/r  for  the 
same  length  of  time,  and  then  preserved  in  90'^  aliohol.  It  often 
occurs  that  after  changes  in  temperature  crystals  of  sublimate  are  formed 
on  the  surface  or  in  the  interior  of  the  object.  For  their  removal  a  few 
drops  of  a  solution  of  iodin  and  potassium  iodid  are  added  to  the  alcohol 
{P.  Mayer).  It  is  a  matter  of  indifference  whether  the  70^,  So'/r  or 
90'/^  alcohol  is  thus  iodized-  In  the  further  treatment  of  the  oltjet  l,  as 
well  as  in  sectioning,  any  such  crystals  of  sublimate  will  not  be  found  to 
be  a  hindrance.  Indeed,  in  the  case  of  very  delicate  objects  it  is  often 
more  advantageous  to  undertake  their  removal  ajter  sectioning  by  adding 
iodin  to  the  absolute  alcohol  then  used. 

Acetic  Sublimate  Solution. — This  is  an  excellent  fluid,  and  at 
present  much  used  for  embryonic  tissues  and  for  organs  containing  only  a 
small  ijuantity  of  connective  tissue.  To  a  saturated  aqueous  solution  of 
sublimaic,  5*^  to  lo'Jif  of  glacial  acetic  acid  is  added.  Af'ter  remaining 
two  or  three  hours  or  more  in  this  solutTon,  the  objects  are  transferred  to 
35'/^  alcohol,  after  which  they  are  passed  through  the  higher  grades  of 
alcohol. 

Picric  Acid* — Small  and  medium-sized  objects  fup  to  i  c.c.) 
are  fixed  in  twenty-four  hours  in  a  saturated  aqueous  solution  of  pirric 
acid  (about  0.759^  ),  although  an  immersion  la.sting  for  weeks  is  not 
detrimental,  especially  if  the  objects  be  of  considerable  size.  The  tissues 
are  transferred  to  70-/^  or  80^^  akohoJ,  in  which  they  remain  until  the 
alcohol  is  not  colored  by  the  picric  acid.  They  are  then  preserved  in 
909^  alcohol. 

Instead  of  a  pure  solution  of  [licric  acid,  the  picrosulphuric  acid 
of  Klcinenbcrg  or  the  picric-nitric  acid  of  P.  Mayer  may  he  used. 
The  first  is  made  thus  :  1  c.c.  of  concentrated  sulphuric  acid  is  added 
to  100  c.c.  of  a  saturated  aqueous  picric  acid  solution.  'Hiis  is  allowed 
to  stand  for  twenty-four  hours,  then  filtered,  and  diluted  with  double  its 
volume  of  distilled  water.  The  [ticric-nitric  acid  solution  is  made  by 
adding  2  c.c.  of  pure  nitric  acid  to  100  c.c.  of  a  saturated  picric  acid 
solution.      Filter  after  standing  for  twenty-four  hours. 

RabPs  Solutions. — C.  Rabl  (94)  recommends  the  following 
mixtures,  esi»e€ially  for  eml>ryos  :  ( i  )  Concentrated  aqueous  solution  of 
corrosive  sublimate,  i  vol.  ;  concentrated  aqueous  solution  of  picric 
acid,  1  vol.  ;  distilled  water,  2  vols.  (2)  1  per  cent,  aqueous  solution 
of  platinum  chlorid,  \  vol.  ;  concentrated  aqueous  solution  of  corrosive 
sublimate,  i  vol.  ;  distilled  water,  2  vols.  In  both  cases,  after  being 
washed  twelve  hours  in  water  (in  the  first  preferal>ly  in  alcohol)  the 
specimens  are  transferred  to  gradually  increased  strengths  of  akohol. 

Vom  Rath's  Solutions. — O.  vom  Rath  (^95)  recommends,  among 
others,  the  following  two  solutions:  (1)  Picric-osmic-acetic  acid 
solution.  Add  to  1000  c.c.  of  a  cold  saturated  picric  acid  solution  i 
gm.  of  osmic  acid,  and  after  several  hours  4  c.c.  of  glacial  acetic  acid. 
Objects  are  fixed,  according  to  their  size,  in  four,  fourteen,  and  forty- 
eight  hours,  and  then  transferred  to  75 '/c  alcohol,  {i)  Picric-sub- 
limate-osmic  acid  solution.  A  mixture  of  100  t.c.  of  a  lold 
saturated  aqueous  («irric  acid  solution  with  100  c.c.  of  saturated  sublimate 
solution  is  made,  into  which  is  poured  20  c.c.  of  a  2^fc  osmic  acid  sola- 
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tion.  2  c.c.  of  glacial  acetic  acid  may  also  be  added.  Tissues  fixed  by 
either  of  these  fluids  may  be  treated  with  pyroligneous  acid  or  tannin. 
The  crystals  of  sublimate  must  be  removed  by  iodized  alcohol. 

Nitric  Acid. — Small  objects  may  be  fixed  in  about  six  hours  in 
3%  to  5%  nitric  acid  (sp.  gr.  1.4).  A  longer  immersion  is  injurious, 
as  certain  nuclear  structures  are  affected.  After  washing  thoroughly  in 
running  water,  the  tissues  are  treated  as  usual  with  alcohols  of  increasing 
concentration. 

Ctiromic  acid  is  used  in  a  ^^  to  1%  aqueous  solution. 
Small  pieces  are  fixed  for  twenty-four  hours,  larger  ones  for  a  longer  time, 
even  weeks.  The  quantity  of  the  fixing  fluid  should  be  at  least  more 
than  fifty  times  the  volume  of  the  tissues  to  be  fixed.  The  objects  are 
subsequently  washed  in  running  water  and  run  through  the  ascending 
alcohols.     This  last  should  be  done  in  the  dark. 

Two  or  3  drops  of  formic  acid  may  be  advantageously  added  to 
each  100  c.c.  of  chromic  acid  solution  (C.  Rabl). 

Miiller's  Fluid.— 

■Potassium  bichromate 2  to  2.5  gm. 

Sodium  sulphate i       " 

Water 100     c.c. 

With  this  solution  it  requires  several  weeks  for  proper  fixation,  and  the 
process  must  be  conducted  in  the  dark.  During  the  first  few  weeks  the 
solution  should  be  changed  every  few  days,  and  later  once  a  week. 
According  to  the  results  desired,  the  pieces  are  dther  washed  out  in  run- 
ning water  and  subsequently  treated  in  the  usual  manner  with  alcohol,  or 
they  are  placed  directly  in  70%,  which  is  later  replaced  by  80  %  and 
90^  alcohol.  It  is  important  that  all  these  procedures  should  take  place 
in  the  dark. 

The  use  of  Eriiclci's  fluid  (potassium  bichromate,  2^  gm.;  cupric 
sulphate,  0.5  gm.,  and  water,  100  c.c.)  is  quite  similar  to  that  of 
Miiller's,  except  that  it  acts  much  more  quickly.  A  temperature  of  30° 
C.  to  40°  C.  shortens  the  process  in  both  cases  considerably,  Miiller's 
fluid  fixing  in  eight  and  Erlicki's  in  three  days. 

Tellyesniclcy's  Fluid. — This  solution  gives  better  nuclear  fixation 
than  Miiller's  fluid. 

Potassium  bichromate 3  8™- 

Glacial  acetic  acid 5  ^-c. 

Water 100    " 

Small  pieces  of  tissue  remain  in  this  fluid  for  one  or  two  days, 
larger  pieces  may  also  be  used,  but  require  a  longer  period  of  fixation. 
Wash  thoroughly  in  flowing  water.  Dehydrate  in  graded  alcohol, 
beginning  with  i59?;- 

Zenl<er*s  Fluid.— 

Potassium  bichromate 2.5  gm. 

Sodium  sulphate I        •' 

Corrosive  sublimate 5        " 

Glacial  acetic  acid 5      *^-c. 

Water 100 

It  is  advisable  to  add  the  glacial  acetic  acid  in  proper  proportion  to 
the  quantity  of  the  .solution  to  be  used, and  not  to  add  it  to  the  stock  solution. 
The  tissues  are  allowed  to  remain  for  from  six  to  twenty-four  hours  in  this 
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mixture,  in  which  they  float  for  a  short  lime.  They  are  then  washed  in 
running  water  for  from  twelve  to  twenty-four  hours,  and  transferred  to 
gradually  con<:entrated  alcohols.  Crystals  of  sulvliniate  which  may  be 
present  are  removed  with  iodized  alcohol.  Zenker's  fluid  penetrates 
easily,  and  fixes  nuclear  and  protoplasmic  structures  equally  well  without 
decreasing  the  .staining  qualities  of  the  elements. 

Formalin  (Formol). — Of  recent  yean*  formalin,  which  is  a 
40^  solution  of  the  gas  fomialdehyd  in  water,  has  been  much  used  as  a 
fi.ving  fluid.  It  is  best  enijiloyed  in  the  form  of  a  solution  made  l»y  add- 
ing 10  parts  of  fonnalin  to  90  parts  of  water  or  normal  saline  solution. 
Small  pieces  of  tissue  remain  in  this  solution  for  from  twelve  to  twenty- 
four  hours,  larger  pie*  es  or  organs  a  number  of  days  or  weeks,  and  are 
then  transferred  to  9o'/(  alcohol. 

Potassium  Bichromate  and  Formalin. — 

rolassium  bichromate,  2^  to  3*?   aqueous 

solution .    .  90  parts. 

Formalin .    .  10     '* 

Ti.ssues  remain  in  this  fluid  from  several  days  to  several  weeks,  de- 
pending on  their  size.  Wash  thoroughly  in  water  and  dehydrate  in 
alcohol.     Useful  for  fixation  of  central  nervous  system. 

We  have  attempted  to  give  only  the  fi.xing  and  hardening  fluids  com- 
monly employed  for  general  purposes.  There  are  numerous  other  fluids 
used  for  special  purposes  ;  these  will  be  noticed  under  the  headings  of  the 
corresponding  tissues  and  organs. 

nsmLTRATION  AND  IMBEDDING. 

Few  tissues  have  a  consistency,  even  after  fixation,  which  enables 
them  to  be  cut  into  sections  thin  enough  to  be  studied  under  high  magni- 
fication^  without  being  especially  prepared  for  this  purpose.  To  admit 
of  sectioning,  it  is  generally  necessary  to  imbed  them  in  media  which 
offer  no  resistance  to  the  knife,  while  giving  them  firmness,  and  do  not 
obscure  the  structure  of  the  sections  when  cut,  or  which  may  be  removed 
from  the  sections  by  methods  which  are  not  harmful  to  them.  The  media 
used  for  imbedding  may  be  classed  tinder  two  heads  :  ( i  )  Such  as  are 
fluid  when  warm,  and  may  in  this  stale  be  taused  to  penetrate  the  tissue, 
and  are  solid  when  cold  ;  (2)  such  as  are  fluid  when  in  solution,  and  in 
this  state  will  penetrate  tissues,  but  which  become  solid  on  the  evaporation 
of  the  solvent.  The  best  example  of  the  former  class  of  substances  is 
paraffin  ;  and  of  the  latter,  celloidin  <  collodion  or  photoxylin). 

I.  PARAFFIN    IMBEDDING. 

In  describing  the  method  of  paraffin  infiltration  and  imbedding  it 
is  assumed  that  the  tissues  have  been  jjreviously  fixed  and  hardened  and  are 
in  alcohol  ready  for  further  manipulation.  From  the  hardened  tissues 
small  flat  pieces  are  cut  with  a  sharp  knife  or  razor.  If  possible,  they 
should  be  square,  rectangular,  or  triangular  in  shape,  their  surfaces  not 
exceeding  ^4  square  inch,  and  their  thickness  from  li  to  j^  of  an  inch. 
Pieces  of  larger  si/e  may  be  imbedded,  if  de.sired,  provided  the  requisite 
care  be  exercised.  The  pieces  seleited  are  placed  in  absolute  alcohol,  in 
whic;h  they  remain  until  thoroughly  dehydrated.     From  the  latter  ihey 
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'jsr.  r.-r.  '^  pasfsed  directly  into  paraffin,  as  alcohol  dissolves  only  a  small 
vrr'.'ir.'-'^-'i:  of  :>araffin,  and,  consetjuently,  the  preparation  would  not  be 
.:.'  ."nrjzr.  *-.\r.  the  imljedding  mass.  The  pieces  of  tissue  are  therefore 
f.rr  %-fc'.t^  '.%  -orne  fluid  which  mixes  with  absolute  alcohol  and  at  the 
ba-v-f:  •..'.'.^  dj-sioiv*?*  the  i>araffin.  There  are  many  reagents  which  have 
•r.  ■  T.roryrry.  ^  :'.h  as  xylol,  toluol,  chloroform,  and  a  number  of  oils  (oil 
'/  *..r\,".'.\.:.-..  o.i  of  'CfJar,  oil  of  origanum,  etc.).  Of  these  xylol  may 
'^:  r'ro::.r:-«r.'.d':<i  for  general  use.  In  the  xylol  the  tissues  remain  for 
f'V--.  'wo  y>'v»'':i'.e  hojrs,  the  time  depending  somewhat  on  the  size  of 
':.*-.  ;,  T'^r-.  ar.d  on  the  density  of  the  tissue.  When  thoroughly  permeated 
v;.  ".*:  x;.;oJ.  Thty  are  transf>arent.  From  the  xylol  (toluol,  chloroform, 
Of  o.  '.,  •.'-♦:  •iyri'r^.  are  placed  in  melted  paraffin.  Two  kinds  of  paraffin 
a:*-.  '/':r.':ri.,.y  -y:d,  one  having  a  melting  point  of  38°  to  40**  C. — soft 
•Afaffir.  ar,d  ariotficr  with  a  melting  point  of  50°  to  58°  C. — so-called 
sjtr'i  ]/4r:±i*:u.  'Vw:  j^raffin  should  always  be  filtered  before  using.  This 
.>.  '/«::•.  do.'.':  ^v  i-iiuv,  a  hot-water  filter.  It  is  essential  that  melted 
y4t:tii:t.  r-av«:  a  '  ou-.tant  t'.'mi>eratiire  while  the  tissues  are  being  infiltrated. 
'ti,j'.  .:  ■a^^^t.W'A  •,';  pla'in;r  the  receptacle  containing  the  paraffin  in  a 
\,:iraUiu  o:*ti  f«:/  jiat»:d  by  means  of  a  thermostat  to  a  temperature  about 
I  wo  '\*:'/f*-^.  -.i'i'f.'z  \\u'.  melting  [*oint  of  the  hard  paraffin. 

Mt'rfd  hard  and  vift  paraffin  may  l>e  kept  in  suitable  glass  beakers 
Ml  r«'>,pi:' tj'.'r  'oriipartrnents  in  the  paraffin  oven.  After  the  tissues  are 
iliorou^/hly  \^'.ruu'jt\*:t\  with  the  xylol,  this  is  poured  off  and  melted  sofl 

[paraffin  added,  and  the  dish  replaced 
in  the  i)araffin  oven.  In  the  soft 
paraffin  the  tissues  remain  from  one  to 
four  hours,  at  the  end  of  which  time 
the  soft  paraffin  is  poured  off  and 
hard  j)araffin  added,  and  the  dish 
again  placed  in  the  oven.  In  the 
_  hard  paraffin  the  tissues  remain  from 

v^g  ,    11.. ii..»M:'Mn.K  U'.o^s.  two  to  twelve  hours,  depending  on  the 

si/e   of  the  pieces.      They  are  now 

■vu'x    \\\  III'   imiii'ddrd.       Two  rmrtallic    L's  are  placed  together  on  a 

v^v^  K^i   luiMiil    \i\ii\f  in    Ml'  h  a  way  as    to  make   a    rectangular  box. 

»  j,      I  ^       TIiIm   ih  filled  with    melted    hard    paraffin  taken  from    the 

» .it       tViou*  \\\v  |>aritffiii  <fx>ls,  the  piece   of  tissue  to  be   imbedded 

^    ;)<N\i>  U\\m    llu*    luird    puraffin    in    the  oven   and  placed  with   one 

-s   ^a'.  xuiliurn  n^aiiist  one  rnd  of  the  box.       If  several   pieces  of 

^»*.t  viv  V  U*  nubriMiMJ,  it  pirce  may  thus  be  placed  in  each  end  of 

-     V*.       N\S>lo  iMU^riTriiig  the  tissues  from  the  hard  paraffin   to  the 

•  c*.  .1    s^   xv\  Ou'v   MlicMild    be    handled   with  forceps,    the   blades   of 

■'.:•        .i«v  \.vi»  w.uuumI  ill  a  ilaiiie.      .\s  soon  as  the  paraffin  in  which 

~     —w.^     *.    v'lviUU'd  lias  uM)led  suffi(  iriitly  to  allow  the  formation  of 

.       *v    i:vi',v>\l  )Miiitiiii,  tin*  iiiibedcling  box  is  placed  in  a  dish  of 

-K..-         >.>  »\S»ls  \\\\'  piiraMiii  tjuickly  and  |>revents  its  becoming 

o-  .s  'fv^ii  iiM'  10  trii  minutes  in  the  <  old  water  hardens  the 

-:::-  -        i.    N.  ,\  »Vi4>  be  U'iiiov<*d,  ami  the  |)araffni  blork  containing 

-.-,..;*.    >9.^v:   »:*i>  K'  lakrn  Irtiin  ihr  plate.      It  is  well  to  place  the 

-.-_       .  .        ,,    ,.^^^  -j^^^l  Ku  k    iiitci  the  Mild  water  for  a  short  time,  so 

•     ..V    vaI  .dl  till"  way  through.      .\s  the   j)araffin  often 

^^        -.;.  iv   .^.ux»  vu  inetiil  i)late  and  the  L'"^.  it  isatlvisabie  to 

— -  "  ...i    i  »ci\  thin   layer  of  glyieriii  before  imbedding. 

•>.   ,:\    M  M.>(viTating  them  t'njin  tlie  j»arat'tin  block. 
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If  a  large  number  of  small  pieces  of  tissue  are  to  be  imbedded,  it 
is  often  more  convenient  to  imbed  them  in  a  small  flat  dish  of  suitable  size. 
The  dish  to  be  used  is  covered  on  its  inner  surface  with  a  thin  layer  of 
glycerin  and  partly  filled  with  hard  paraffin  and  the  several  pieces  of 
tissue  to  be  imbedded  transferred  to  it  and  arranged  on  the  bottom  of  the 
dish.  As  soon  as  a  film  forms  over  the  paraffin  the  dish  is  placed  care- 
fully in  cold  water  and  the  paraffin  allowed  to  harden.  The  large  piece 
of  paraffin  tl\us  obtained  may  then  be  cut  into  several  smaller  pieces, 
each  containing  a  piece  of  the  imbedded  tissue. 

On  transferring  an  object  from  one  fluid  into  another,  so-called 
currents  of  diffusion  occur,  which  produce,  especially  in  such  tissues  as 
contain  cavities,  shrinkage  and  tearing.  This  often  results  in  totally 
changing  the  finer  structure  of  the  tissues.  It  is  therefore  necessary  to 
proceed  with  greater  caution  than  in  the  method  above  indicated.  Mix- 
tures containing  different  percentages  of  alcohol  and  the  intermediate 
fluid  (xylol,  toluol,  chloroform)  may  be  prepared,  and  the  object,  ac- 
cording to  its  delicacy,  passed  through  a  greater  or  smaller  number  of 
such  solutions.  In  ordinary  cases  a  single  mixture  of  alcohol  and  the 
intermediate  fluid  is  sufficient,  the  object  remaining  in  the  solution  for  a 
length  of  time  varying  with  its  size  before  being  passed  into  the  pure  in- 
termediate fluid.  This  part  of  the  treatment  may  of  course  be  slowed  or 
hastened  according  to  the  number  of  such  mixtures,  each  succeeding  one 
containing  more  and  more  of  the  intermediate  fluid.  After  the  object 
has  been  passed  into  the  pure  intermediate  fluid  it  should  be  just  as  care- 
fully passed  into  the  infiltrating  fluid.  If  paraffin  is  to  be  used  and  the 
object  be  delicate,  the  following  method  is  advisable :  The  object  is 
placed  in  a  glass  vessel  half  filled  with  the  intermediate  fluid,  into  which 
a  few  pieces  of  soft  paraffin  are  dropped.  The  vessel  is  then  covered 
and  allowed  to  remain  at  the  temperature  of  the  room.  When  the 
paraffin  is  dissolved  the  cover  is  removed  and  the  vessel  placed  in  a  par- 
affin oven  kept  at  a  temperature  corresponding  to  the  melting  point  of 
the  paraffin.  The  volatile  intermediate  fluid  evaporates  gradually,  and 
in  a  few  hours  the  object  is  infiltrated  with  an  almost  pure  soft  paraffin. 
It  may  now  be  transferred  into  pure  melted  hard  paraffin.  In  this  the 
tissue  remains  for  a  longer  or  shorter  time,  according  to  its  size. 

It  is  often  of  advantage  to  infiltrate  the  tissues  in  a  partial  vacuum. 
In  this  way  there  is  obtained  a  better  infiltration  of  the  tissues  with  the 
paraffin,  and  this  seems  to  obtain  a  better  consistency.  Especially  is 
this  method  to  be  recommended  in  imbedding  larger  embryos  or  tissue 
with  cavities.  A  simple  and  convenient  method  is  as  follows :  a  glass 
bottle  of  suitable  size  is  warmed  and  partly  filled  with  melted  hard 
paraffin  and  placed  at  one  end  of  a  copper  plate,  the  other  end  of  which 
is  heated  by  a  flame,  care  being  taken  to  heat  the  copper  plate  only 
sufficiently  to  keep  melted  the  paraffin  in  the  bottle.  The  bottle  is  fitted 
with  a  rubber  cork  with  two  holes,  into  which  have  been  inserted  two  L- 
shaped  glass  tubes,  provided,  the  one  with  a  short  rubber  tube,  which  is 
clamped,  the  other  with  a  tube  of  sufficient  length  to  reach  to  a  Chapman 
water-pump.  The  tissues  are  placed  in  the  paraffin,  the  bottle  tightly 
corked,  and  the  water-pump  allowed  to  play  for  about  half  an  hour,  after 
which  the  tissues  are  imbedded  in  the  paraffin  used  during  this  procedure. 
High  temperatures  are,  as  a  rule,  injurious  to  tissues.  This 
should  always  be  borne  in  mind,  and  the  student  should  aim  to  keep  his 
specimens  at  the  lowest  possible  temperature  conducive  to  proper  infiltra- 
tion.    If  for  any  reason  higher  temperatures  become  necessary,  tfep 
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posure  of  the  tissues  to  their  action  should  be  as  brief  as  possible.  The 
paraffins  most  used  have  a  melting  point  of  40**  to  60**  C.  The  kind  of 
paraffin  used  should  depend  upon  the  temperature  of  the  room  in  which 
the  sectioning  is  to  be  done.  It  is  even  well  to  have  different  mixtures  of 
hard  and  soft  paraffins  at  hand,  so  that,  if  the  temperature  of  the  room 
be  low,  tissues  may  be  imbedded  in  a  softer  mixture,  and  vice  versa. 

The  process  of  infiltrating  and  imbedding  in  paraffin  is  repre- 
sented by  the  following  diagram  (instead  of  xylol,  other  intermediate 
fluids  may  be  used)  : 

Alcohol,  90^ 

t 
Abs.  alcohol  

t 
Alcohol- xylol  mixture 

t 
Xylol  < 

Xylol -paraffin  (cold) 

^  Xylol-paraffin  (in  paraffin  oven) 

Soft  paraffin -< 

Hard  paraffin 

Imbedding 

The  size  and  density  of  the  tissues  must  necessarily  regulate  the 
length  of  time  necessary  for  their  proper  infiltration.  It  is  therefore  hardly 
possible  to  give  any  definite  figures.  In  presenting  the  following  table  we 
have  taken  as  a  standard  any  tissue  that  has  the  general  consistency  of 
liver  fixed  in  alcohol.  The  time  is  given  in  hours,  and  should  in  each 
case  be  regarded  as  a  minimum.  A  longer  stay  in  any  one  fluid  will, 
under  favorable  circumstances,  do  no  harm. 


Absolute  alcohol 
Xylol 


From   now  on  in 

affin  oven  : 
Soft  paraffin    .    .    . 
Hard  paraffin      .    . 


par- 


Small  Ob-     I  MionLR-sizED 

JBCTS    UNDHR    '      OBJECTS  i:P 
1  MM.  IN  '     TO  5  MM.   IN 

Diameter.        Diameter. 


2 


I 


1  4»f »  n*.  I  Verv  Large  Ob- 
ikTt^  1^  T«rio  I"^*^".  although 
jEcre  UP  TO  10  ^oT  More  than  a 

DiAMkTER       f       ^^  *^**-  "*  ^'^ 

uiametbr.  amhtbr. 
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For  a  longer  or 
shorter  time  in 
the  fluids,  ac- 
cording to  the 
size  of  the  object. 


2.  CELLOIDIN. 

The  best  and  most  convenient  celloidin  to  use  in  microscopic  work  is 
Schering's  granular  celloidin,  put  up  in  i -ounce  liottles.  Of  this  a 
stock  or  thick  solution  is  prei)ared  by  dissolving  6  gm.  of  the  celloidin  in 
100  c.c.  of  ecpial  parts  of  absolute  alcohol  and  ether.  Of  this,  when 
required,  a  thin  solution  is  j)repared  by  diluting  a  (luantity  of  the  stock 
solution  with  an  eciual  (juantity  of  the  ether  and  alcohol  solution. 
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The  hardened  tissues  are  cut  into  small  pieces,  which  should  not 
be  much  more  than  }i  of  an  inch  in  thickness  and  not  have  a  surface 
area  of  more  than  f^  of  a  square  inch.  Much  larger  pieces  of  tissue 
may  be  imbedded  in  celloidin.  This  is  not  advised,  however,  unless  it  is 
ne(  essary  to  show  the  whole  of  the  structure  to  be  studied.  The  pieces 
to  be  imbedded  are  placed  for  twenty-four  hours  in  absolute  alcohol,  and  are 
then  transferred  for  twenty-four  hours  to  a  mixture  of  equal  parts  of  at«o- 
ute  alcohol  and  ether.  Then  they  go  into  the  thin  celloidin  solution,  where 
they  remain  for  from  twenty-four  hours  to  several  days^  depending  on  the 
size  and  density  of  the  pieces  to  be  imbedded.  The  pieces  of  tissue  are 
then  transferred  to  the  thick  celloidin  solution,  where  they  again  remain 
for  from  twenty-four  hours  to  several  days.  If  it  is  desired  to  imbed  large 
pieces,  especially  if  these  be  of  the  medulla  or  brain,  the  stay  in  the  cel- 
loidin solutions  should  be  lengthened  to  several  weeks.  The  hardening 
of  the  celloidin  may  now  be  obtained  by  one  of  several  methods. 

A  sufficient  quantity  of  the  stock  or  thick  celloidin  solution  to 
cover  well  the  tissues  to  be  imbedded  is  poured  into  a  flat  dish  large 
enough  to  allow  the  pieces  to  be  iml>edded  to  Ije  arranged  on  its  bottom 
and  leave  a  space  of  about  j-^  of  an  inch  between  adjacent  pieces.  The 
dish  is  then  covered,  not  too  tightly,  and  set  aside  to  allow  the  ether  and 
alcohol  to  evaporate.  In  one  or  two  days  the  celloidin  is  usually  hard 
enough  to  cut  into  small  blocks,  each  block  containing  a  piece  of  the 
innbedded  tissue.  The  blocks  of  celloidin  are  now  further  hardened  by 
placing  theiu  in  80 ^r  alcohol.  A  stay  of  several  hours  in  this  alcohol  is 
usually  sufficient  to  give  them  the  hardness  required  for  section  cutting. 
After  the  celloidin  pieces  have  obtained  the  right  degree  of  hardness  they 
are  to  be  stuck  to  small  pieces  of  pine  wood  or  vulcanized  fiber  so  that  they 
may  be  clamped  into  the  microtome.  This  is  done  in  the  following  way  : 
A  piece  of  celloidin  containing  a  piece  of  tissue  is  trimmed  with  a  sharp 
knife  so  that  only  a  rim  of  celloidin  about  ^  of  an  inch  in  thickness 
surrounds  the  piece  of  tissue.  It  is  now  placed  for  a  few  moments  in  the 
ether  and  alcohol  solution.  This  is  to  soften  the  surfaces  of  the  celloidin. 
One  end  of  a  small  pine-wood  or  vuk:ani/ed-fil:>er  block  about  one  inch  long, 
the  cut  end  of  which  has  a  surface  area  slightly  larger  than  the  celloidin 
block,  is  dipped  for  a  few  moments  into  the  ether  and  alcohol  solution  and 
then  into  the  thick  celloidin.  The  celloidin  block  is  now  taken  from  the 
ether  and  alcohol  sokiiion,  di[)[ied  into  the  celloidin,  and  pressed  against 
the  end  of  the  wooden  or  vulcanized -fiber  block,  which  has  been  coaled 
with  the  celloidin.  The  whole  is  now  set  aside  for  a  little  while  to  allow 
the  celloidin  to  harden  slightly,  and  is  then  placed  in  So^r  alcohol.  In 
the  alcohol  it  may  remain  indefinitely  ;  it  may,  however,  be  used  for 
cutting  as  soon  as  it  again  becomes  hard. 

The  piece  of  tissue  to  be  imbedded  may  be  mounted  at  once  on 
pine-wood  or  vulcanized -fiber  blocks  from  the  thick  celloidin  solution  by 
pouring  a  small  amount  of  thi<  k  celloidin  over  one  end  of  the  block  and 
placing  the  piece  of  tissue  from  the  thick  celloidin  solution  onto  the  layer 
of  celloidin  on  the  block.  In  three  to  four  minutes  a  layer  of  the  thick 
celloidin  solution  is  poured  over  the  piece  of  tissue  and  the  end  of  the 
block.  It  may  be  nece.ssary  to  do  this  several  times  if  the  piece  of  tissue 
is  large  or  of  irregular  shape.  The  blotk  is  now  set  aside  for  about  five 
minutes,  and  is  then  placed  in  So^/r  alcohol,  where  it  remains  until  the 
celloidin  is  hard,  or  until  it  is  desired  to  cut  sections. 
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The  tissues  may  be  imbedded  by  pouring  the  thick  celloidin,  to- 
gether with  the  objects,  into  a  small  box  made  of  paper.  The  surface  of  the 
celloidin  hardens  in  about  an  hour  (preliminary  hardening),  after  which 
the  whole  is  transferred  to  80%  alcohol,  in  which  the  final  hardening 
takes  place.  The  paper  is  then  removed,  the  block  of  celloidin  trimmed 
to  a  convenient  size  and  fastened  on  a  block. 

While  being  cut,  celloidin  preparations  are  kept  moistened  with  80^ 
alcohol.  Organs  consisting  of  tissues  of  varying  consistency,  as  well 
as  very  dense  objects,  can  be  cut  with  better  results  in  celloidin  than  in 
parafiin.  On  the  other  hand,  celloidin  sections  can  never  be  cut  as  thin 
as  paraffin  sections,  and  the  after-treatment  (see  below),  fixation  on  the 
slide,  etc. ,  are  much  more  complicated  than  in  the  case  of  paraffin  sec- 
tions. 

The  following  is  a  diagram  showing  the  process  of  infiltration 
and  imbedding  in  celloidin. 

gofc  alcohol 

t 

Abs.  alcohol 

t 
Abs.  alcohol  and  ether  (in  equal  parts) 

t 
Thin  celloidin  solution 

t 
Thick  celloidin  solution 

t 
Imbedding 

t 
80%  alcohol 

3.  CELLOIDIN-PARAFFIN. 

*  To  combine  the  advantages  which  infiltration  in  celloidin  and  in 
imruffin  offer,  a  method  of  celloidin -i)araffin  infiltration  is  recommended. 
Preparations  that  have  been  imbedded  in  celloidin  or  photoxylin  and 
hardened  in  80%  alcohol  are  placed  for  about  twelve  hours  in  90%  alco- 
hol, from  which  they  are  transferred  to  a  mixture  of  equal  parts  of  oil  of 
origaiuuti  and  90%  alcohol.  They  are  then  immersed  for  a  short  time  in 
jiiirt*  origanum  oil,  then  in  a  mixture  of  e(iua)  parts  of  origanum  oil  and 
xylol,  and  finally  in  pure  xylol.  From  this  point  the  regular  method 
of  infiltraling  with  paraffin  is  followed,  care  being  taken  that  the  pieces  re- 
main for  as  short  a  time  as  possible  in  the  different  fluids,  in  order  that 
\\\v  «i-lloidin  may  not  become  brittle. 

Vi«ry  thin  sections  may  be  obtained  by  painting  the  cut  surface  with 
u  thin  layer  of  a  very  dilute  celloidin  solution.  This  hardens  and  gives 
ihe  tksue  it  greater  consistency.  This  treatment  is  u.seful  in  the  combined 
n'Ui»ulin-i»iimffin  method,  as  well  as  when  paraffin  alone  is  used. 

THE  MICROTOME  AND  SECTIONING. 

ln<«t rumen ts  known  as  microtomes  have  been  devised  in  order  that 
iHH  tiv>iv  1  uilin^  uuiy  be  rendered  as  independent  as  possible  of  the  skill 
of  the  imh\idual.  inii  more  especially  to  obtain  series  of  sections  of  uni- 
loim  thiiknexH.      Their  construction  varies  greatly.     Some  of  these  in- 
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stniraents,  as  the  so-called  rocking  micnotoraes,  are  so  specialized  that  they 
only  cut  paraffin  objects  when  the  knife  is  transversely  placed.  Otheis 
have  a  more  generaJ  function,  oelloidin  as  well  as  para/hn  objects  being 
sectioned  with  the  knife  in  any  position.  To  the  latter  class  belong  the 
sliding;  microtomes. 

In  figure  4  is  shown  an  instrument  which  may  be  recommeoded 
for  general  laboraton.-  work.  This  instrument  consists  of  a  horizontal 
base  which  rests  on  the  table,  and  a  vertical  plate  (  a),  and  a  slide  i  / )  whit  h 
supports  a  block  (t  i,  to  which  is  fastened  a  knife  by  means  of  a  thumb- 
screw (</  ).  On  the  other  side  of  the  vertical  plate  is  a  metal  frame  fy)» 
into  which  are  fastened  the  paraffin  and  celloidin  blocks  ;  this  frame  is 
attached  to  a  slide  ( /),  which  may  be  elevated  or  lowered  by  a  feed  (  /). 
This  feed  consists  of  a  micrometer  screw  acting  on  the  lower  surfece 
of  the  slide.  The  micrometer  screw  is  provided  with  a  milled  head, 
divided  into  a  definite  number  of  parts  which   bear  a   definite  rela- 
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Fig.  4. —  I  .<l  -  Toiory  microtoroe. 


tion  to  the  pitch  of  the  micrometer  screw.  The  instnmient  shown 
in  the  figure  is  further  provided  with  a  lever  (//),  which  may  be 
so  adjusted  as  to  move  the  milled  head  on  the  micrometer  screw 
I  or  any  given  number  of  notches  at  each  movement  of  the  lever ; 
and  as  each  notch  on  the  milled  head  has  a  value  of  5  microns 
(Wo  ^^  ^^  inch),  every  time  the  milled  head  is  moved  i  notch 
(toward  the  manipulator)  the  slide  carrying  the  clamp  holding  the  tissue 
is  elevated  5  microns;  2  notches  would  elevate  the  tissue  10  microns 
(j-J^j^  of  an  inch)  ;  4  notches,  20  microns  (yijVff  o^  2"  inch),  etc.  It 
is  not  essential  to  have  a  lever  attached  to  the  instrument  as  above 
described,  although  this  is  very  convenient ;  if  not  present,  the  milled 
head  is  moved  the  desired  number  of  notches  with  the  hand. 

Minoi  has  recently  devised  two  kinds  of  microtomes  which  deserve  spe- 
cial mention,  and  are  especially  to  be  recommended  for  accurate  work. 
One  of  these  fsee  Kig.  5)  is  known  as  the  **  Precision  Microtome."     It 
consists  of  a  square  frame  made  of  cast-iron,  to  which  the  knife  is  fastened. 
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Beneath  the  frame  which  supports  the  knife  are  two  horizontal  ways,  upon 
which  nins  the  sliding  carriage  supporting  an  adjustable  object -carrier. 
The  object  is  raised  by  a  micrometer  screw,  fed  automatically  by  a  large- 
toothed  wheel  attached  to  the  bottom  of  the  screw.  Both  paraffin  and 
celloidin  sections  may  be  cut  with  this  instrument.  The  other  type  of  mi- 
crotome IS  known  a-s  the  *•  New  Rotary  Microtome."  In  this  instrument 
(see  Fig.  6)  the  knife  is  carried  by  two  upright  standards  which  can  be 
adjusted  as  to  their  distance  from  the  object.  The  object,  which  needs 
to  be  imbedded  in  {>araffin,  is  fixed  to  an  object-carrier,  which  may  be 
adjusted  to  any  plane,  and  which  is  fixed  to  a  vertical  carriage,  held  by 
adjustable  gibs  against  the  vertical  ways,  and  which  is  raised  or  lowered 
by  a  crank,  working  in  a  slide,  and  attached  to  an  axle  turned  liy  the 
wheel.  The  vertical  carriage  also  carries  the  micrometer  screw,  to  which 
is  attached  a  toothed  wheel  ;  this  is  turned  by  a  pawl  which  acts  upon  it. 
This  instrument  may  be  most  highly  recommended  for  the  cutting  of 
serial  sections. 

In  cutting  paraffin  sections  with  the  sliding  microtome  the 
knife  is  placed  at  an  angle  of  about  35*  to  40°  to  the  horizontal  plate  of 
the  microtome.  Sections  are  cut  more  easily  with  the  knife  in  this  posi- 
tion than  when  the  knife  is  placed  at  right  angles  to  the  microtome,  as  is 
often  recommended,  and  it  does  not  seem  that  the  tissues  suffer  materially 
from  distortion  when  they  are  cut  with  the  knife  at  an  angle,  as  is  some- 
times claimed. 

Before  fastening  the  paraffin  blocks  into  the  clamp  on  the  microtome, 
preparatory  to  cutting  sections,  the  [)araffin  is  trimmed  with  a  sharp  knife 
from  the  end  of  the  paraffin  block  until  the  tissue  is  nearly  exposed,  care 
being  taken,  however,  to  leave  a  fiat  surface.  The  toj>  of  the  paraffin 
block  is  then  beveled  off  on  three  sides  to  within  a  very  short  distance 
of  the  tissue.  The  fourth  side,  that  which  faces  the  knife  when  the  block 
is  clamped  in  the  microtome,  should  he  trimmed  only  to  within  about  )4  of 
an  inch  of  the  tissue.  This  edge  of  paraffin  is  made  use  of,  as  will  be  seen 
in  a  moment,  for[>reventing  the  sections  from  curling  while  they  are  being 
cut.  The  paraffin  block  is  now  ready  to  l>e  clamped  in  the  microtome. 
This  is  done  in  such  a  way  that  the  pjaraffin  block  just  escapes  the  knife 
when  drawn  over  it.  A  number  of  rather  thick  sections  (20  to  40 
microns^  are  cut  by  moving  the  micrometer  screw  from  right  to  left  4 
to  8  notches  every  time  the  knife  has  been  drawn  over  the  paraffin 
block  and  has  been  brought  back  again,  until  it  is  noticed  that  the  knife 
touches  all  parts  of  the  top  of  the  paraffin  block,  or  until  the  tissue  is 
fairly  exposed.  (In  this  description  reference  is  made  to  the  simple  labora- 
tory microtome  shown  in  Fig,  4.  )  The  succeeding  sections  may  now  l)e 
kept.  It  may  perhaps  l>e  well  to  stale  that  it  is  better  not  to  in-  to  cut 
very  thin  sectionsat  the  beginning;  sections  15  to  20  microns  in  thickness 
will  answer  very  well.  To  begin  with,  then,  the  milled  head  of  the  mi- 
crometer screw  is  turned  4  notches  from  left  to  right,  and  the  knife  is 
drawn  over  the  block  with  a  steady,  even  pull,  and  without  using  undue 
pres,sure.  Usually  the  sections  will  curl  up  as  they  are  being  severed  from 
the  paraffin  block.  This  may  ver\'  readily  be  prevented  by  holding  the 
tip  of  a  camers-hair  bnish,  which  has  been  pointed  by  drawing  it  I)etween 
the  lips,  against  the  edge  of  the  section  as  soon  as  it  begins  to  curl.  A 
little  practice  will  enable  one  to  do  this  almost  automatically.  TTie 
sections  are  transferred  to  paper  by  means  of  the  camel 's-hair  brush, 
which  process  is  facilitated  if  the  brush  has  l>een  slightly  moistened  with 
saliva,  as  the  section  will  then  adhere  lightly  to  the  bni.sh. 
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If  the  tissues  are  well  imbedded  and  not  loo  hard,  and  if  the  knife 
is  sharp  and  properly  adjusted,  paraffin  sections  maybe  cut  in  such  a  way 
that  each  succeeding  section  adheres  to  the  preceding  one,  so  that  actual 
ribbons  of  paraffin  sections  n^ay  be  made.  In  order  to  do  this,  the  knife 
should  be  at  right  angles  to  the  microtome.  The  paraffin  block  should  be 
trimmed  in  such  a  way  that  when  clamped  in  the  microtome  ready  for 
cutting  sections,  the  surface  of  the  paraffin  block  facing  the  knife  should 
be  exa(  tly  parallel  to  its  edge,  also  to  the  opposite  side  of  the  block.  In 
other  words,  2  sides  of  the  paraffin  block  should  be  jiarallel  to  each 
other  and  to  the  knife  ;  then  if  the  paraffin  is  of  the  right  consistency, 
which  must  be  ascertained  by  trying,  the  sections  as  they  are  cut  will  ad- 
here to  each  other  and  form  a  ribbon.  If  the  sections  do  not  adhere  to 
each  other  it  is  quite  probable  that  the  paraffin  is  a  little  too  hard.  This 
may  often  be  remedied  by  holding  an  old  knife  or  other  metallic  instru- 
ment which  has  been  heated  in  a  flame  near  the  two  parallel  surfaces  for  a 
few  moments.  Care  should  be  taken  not  to  allow  this  instrument  to  touch 
the  paraffin.  This  is  a  very  convenient  and  rapid  way  of  cutting  par- 
affin sections.  To  facilitate  the  cutting  of  a  paraffin  possessing  a  rela- 
tively low  melting  j)oint  in  a  room  with  a  high  temperature,  the  cooled 
knife  of  Stoss  may  be  used.  I'his  is  so  made  that  a  stream  of  ice-water 
may  be  fxissed  through  a  tube  running  through  the  entire  length  of  the 
back  of  the  blade.  Paraffin  sections  may  be  cut  in  ribbons — serial  sec- 
tions—on an  ordinary  sliding  mjcrotome;  for  this  purpose,  however,  the 
•'automatic  rotary  microtome"  of  Minoi  is  especialiy  retoiiimended. 

Celloidin  Sections. — Before  fastening  the  block  of  wood  or  vul- 
canized fiber  to  which  the  celloidin  bloiks  have  been  fixed  in  the  clamp 
on  the  microtome,  the  celloidin  should  be  trimmed  with  a  sharp  knife 
from  the  top  of  the  block  until  the  tissue  is  nearly  exposed,  care  being 
taken  to  leave  a  flat  surface.  The  sides  of  the  celloidin  l>lock  are  then 
trimmed  down,  if  necessary,  to  within  about  -/^  of  an  inch  of  the  tissue. 
The  block  is  now  clam|>ed  in  the  nii<  rotonie  at  surh  a  level  that  it  just 
escapes  the  knife  when  drawn  over  it.  The  knife  is  placed  at  an  angle  of 
about  45°,  or  at  even  a  greater  angle.  During  the  ]>rocess  of  cutting,  the 
knife,  as  also  the  tis.sue,  must  be  kept  constantly  moistened  with  80 ^r 
alcohol.  This  is  perhaps  most  easily  accomplished  by  taking  U]>lheSo9{j 
alcohol  with  a  rather  large  camel's -liair  brush  and  dipping  this  on  the 
celloidin  block  and  on  the  knife.  A  number  of  rather  thick  sections  are 
cut  omit  the  knife  toui  hes  the  entire  surface  of  the  blot  k  or  until  the  tis- 
sue is  well  exposed.  The  sections  may  now  be  kejit.  The  block  is  raised 
20  to  15  microns,  and  the  knife,  whi«  h  should  be  well  inoi.stened  with 
So^/(,  alcohol,  is  drawn  over  the  block  with  a  steady  pull,  not  with  a 
jerk.  The  sections  are  transferred  from  the  knife  to  distilled  water. 
This  is  perha[)s  most  conveniently  done  by  placing  the  ball  of  one  of  the 
fingers  of  the  left  hand  under  the  edge  of  the  knife,  in  front  of  the  sec- 
tion, and  drawing  the  section  down  onto  the  finger  with  the  camel's-hair 
brush.  The  finger  is  then  dipped  into  the  distilled  water  when  the  sec- 
tion floats  off.  If  the  sections  can  not  be  stained  within  a  few  hours  after 
they  are  cut,  they  are  l»est  transferred  to  a  dish  containing  So^i  alcohol, 
in  which  they  may  be  left  until  it  is  desired  to  stain  them. 

The  slidmg  nw(  rotomes  may  be  |)rovide<l  with  an  arrangement  for  freez- 
ing tissues — a  so-callc<l  freeiinjf  apparatus.  Thib  tonsisis  of  a  metal 
plate  on  which  the  tissue  is  laid;  an  ether  or  ngolenealomi/.er  plays  upon 
its  lower  surface,  cooling  and  finally  freezing  the  object,  which  is  then  cut. 


THE    MICROTOMF    AND    SECTIONING. 


37 


A  drop  of  fluid  i  i»hysioiogic  saline  solution,  water,  etc. )  is  placed  upon 
the  knife,  in  which  the  section  thaws  out  and  spreads.  A  better  and 
more  rapid  method  of  freezing  tissues  consists  in  the  use  of  compressed 
carbon  dioxid,  as  recommended  by  Mixter.  Cylinders  containing  about 
twenty  pounds  of  the  liquid  gas  may  be  obtained  from  PJausch  tS;  Lomb, 
who  also  make  a  sniiall  inicTotome  designed  for  this  purpose.  In  figure  7 
is  shown  the  lower  third  of  a  cylinder  for  compressed  carlK)n  dioxid 
firmly  fastened  to  a  thick  board,  and  connected  by  means  of  a  short  piece 
of  strong  rubber  tubinj;  with  the  freezing  box  of  the  microtome.  The 
handle  of  the  escape  valve  is  from  8  to  10  inches  long,  so  that  the 
cjuantity  of  escaping  gas  may  be  readily  controlled.  The  pieces  of  tis- 
sue are  placed  on  the  freezing  box  of  the  microtome  and  the  escape  valve 
slowly  opened  until  a  small  quantity  of  the  gas  escapes.  Small  pie<  es  of 
tissue  are  frozen  in  about  thirty  seconds  to  a  minute  j  tissues  taken  from 
alcohol  should  be  washed  for  a  short  lime  in  nmning  water  before  freez- 
ing. A  strong  razor  may  be  used  for  cutting  sections  ;  or  better,  a  well- 
sharpened  blade  of  a  carpenter's  plane,  as  suggested  by  Mallory  and 
Wright.  Sections  are  transferred  to  distilled  water  or  normal  salt  solu- 
tion, and  if  fixed  may  be  stained  at  once.  Sections  of  fresh  tis.sue 
should  be  taken  from  the  normal  salt  solution  and  transferred  to  a  fixing 
fluid. 

FJardeen  has  devised  a  microtome  to  be  used  with  compressed  carbon 
dioxid,  which  presents  many  advantages.  It  admits  of  better  <ontrol  of 
the  temperature  of  the  freezing  stage  and  there  is  less  carbon  dioxid  wasted 
than  with  other  instruments  of  this  type.  It  freezes  almost  instantane- 
ously, since  the  expanding  carbon  dioxid  is  caused  to  pass  through  a 
spiral  passage  contained  in  the  freezing  chamber.  In  this  apparatus  the 
microtome  is  attached  to  the  steel  cylinder  containing  the  carbon  dioxid. 
It  is  impossible  to  cut  thin  sections  with  a  knife  that  is  not  sharp, 
or  wih  one  that  is  nicked.  A  few  directions  as  to  sharpening  a  micro- 
tome knife  may  therefore  not  be  out  of  place.     For  this  purpose  a  good 
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Fig.  7. — Apparatus  for  cutting  (issues  frozen  by  carbon  dioxid. 


Belgian  hone  is  used,  which  should  be  moistened  or  hibricated  with  filtered 
kerosene  oil  or  with  soap  as  ncccs.sity  demands.  While  sharpening  the 
knife  it  is  grasped  with  both  hands — with  one  by  the  handle,  with  the 
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Other  by  the  end.  The  hone  is  pilaced  on  a  table  with  one  end  directed 
toward  the  person  sharpening.  If  the  knife  is  very  dull,  it  is  ground  for 
some  time  on  the  concave  side  only  (all  microtome  knives  are  practically 
plane  on  one  side  and  concave  on  the  other),  with  the  knife  at  right 
angles  to  the  stone.  It  is  carried  from  one  end  of  the  stone  to  the  other, 
edge  foremost,  giving  it  at  the  same  time  a  diagonal  movement,  so  that 
with  each  sweep  the  entire  edge  is  touched  (see  Fig.  8).  In  drawing 
l)ack  the  knife,  the  edge  is  slightly  raised.  The  knife  is  ground  on  the 
concave  side  until  a  fine  thread  ( feather  edge )  appears  along  the  entire 
edge.  It  is  then  ground  on  both  sides,  care  being  taken  to  keep  the  knife 
at  right  angles  to  the  stone,  to  keep  it  flat,  and  to  use  practically  no  pres- 
sure. It  is  a  good  [ilan  to  turn  the  knife  on  its  back  when  the  end  of  the 
stone  is  reached.  On  the  return  stroke,  the  knife  is  again  held  at  right 
angles  to  the  stone,  the  same  diagonal  sweep  is  used  (see  Fig.  8),  so  that  the 
whole  edge  of  the  knife  is  touched  with  each  sweep.  The  grinding  on 
l)Olh  sides  is  continueil  until  the  thread  above  mentioned  has  disappeared. 
The  knife  should  now  be  carefully  cleaned  and  stropfied,  with  the  back  of 
the  knife  drawn  foremost.  The  strop  should  \)v  Hat  and  rest  on  a  firm 
surface. 
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Fig.  8. — Diagram  showing  direclloo  of  the  movemenis  in  honing. 


THE  FURTHER  TREATMENT  OF  THE  SECTION. 

I,  FIXATION  TO  THE  SLIDE  AND  REMOVAL  OF  PARAFFIN. 

Sections  obtained  by  means  of  the  microtome  undergo  further  treat- 
ment either  loose  or,  better,  fixed  to  a  slide  or  cover-glass,  thus  making 
further  nunipulation  much  easier. 

The  simplest,  surest,  and  most  convenient  method  of  fixing  par- 
affin set  tions  to  the  slide  is  by  means  of  the  glycerin-albumen  of  P. 
\Livcr  I  Sv  fV      Fgg -albumen  is  filtered  and  an  ecpial  volume  of  glycerin 
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added.  To  prevent  decomposition  of  the  fluid  a  little  camphor  6r  sodium 
salicylate  is  j>laced  in  the  mixture.  A  drop  of  this  fluid  is  smeared  on  the 
slide  or  cover-slip  as  evenly  and  thinly  as  pos.sible.  A  section  or  a  series 
of  sections  arranged  in  their  [iroper  sequence  is  then  placed  ui»on  the  slide 
so  prepared.  Any  folds  in  the  section  are  smoothed  out  with  a  brush,  and 
the  section  or  the  whole  series  gently  ijressed  down  ujjon  the  glass.  When 
the  desired  number  of  sections  are  on  the  slide  or  cover-slip,  they  are 
warmed  over  a  small  spirit  or  gas  flame  until  the  paraffin  is  melted.  At 
the  same  time  the  albumen  coagulates.  The  sections  are  now  fixed,  and 
are  loo.sened  from  the  glass  only  when  agents  are  used  which  dissolve 
albumen,  as,  for  instance,  strong  acids,  alkalies,  and  certain  staining 
fluids.  If  it  is  desired  that  a  given  space,  say  the  size  of  a  cover-slip,  be 
filled  up  with  sections  as  far  as  j)Ossible,  an  outline  of  the  cover-slip  to  be 
used  may  be  drawn  upon  a  piece  of  paper  and  placed  under  the  slide  in 
the  required  position. 

A  second  and  in  many  respects  better  method  is  the  fixation  of 
the  section  with  distilled  water  (Gaule).  The  paraflfin  sections  are 
spread  in  proper  sequence  on  a  thin  layer  of  water  placed  on  the  slide. 
There  should  be  suflii  ient  water  to  float  the  sections.  The  slide  is  then 
dried  in  a  warm  oven  kept  at  30°  to  35°  C,  or  gently  heated  by  holding 
it  at  some  distance  from  a  s|>irit  or  gas  flame  ( the  parafiin  should  not 
melt).  Ky  ihis  treatment  the  sections  are  entirely  flattened  out.  The 
superfluous  water  is  either  drained  oflf  by  tilting  or  drawn  ofi"  with  blot- 
ting-paper, the  sections  are  definitely  arranged  with  a  bru.sh,  and  the 
whole  is  placed  for  several  hours  in  a  warm  oven  at  30**  to  35*  C.  The 
sections  thus  dried  are  exposed,  over  a  flame,  to  a  temperature  higher 
than  the  melting  point  of  the  paraftin,  and  from  now  on  can  be  subjected 
to  almost  any  after-treatment.  The  slide  or  cover-slip  should  be  thor- 
oughly cleaned  (  preferably  with  aUohol  anrl  ether),  as  othervi'i&e  the  water 
does  not  remain  in  a  layer,  but  gathers  in  drops. 

The  advantage  of  this  method  lies  in  the  fact  that  the  evajjorated 
water  can  have  no  possible  influence  on  the  subse(pent  staining  of  the 
sections,  while  albumen,  especially  if  it  be  in  a  thick  layer,  is  sometimes 
stained,  thus  diminishing  the  transparency  of  the  preparation. 

This  method,  although  trustworthy  for  alcohol  and  sublimate  prepara- 
tions, often  fails  with  objects  that  have  been  treated  with  osmic  acid, 
chromic  acid  and  its  mixtures,  nitric  acid,  and  picrosulphuric  acid.  In 
such  cases  advantage  may  be  taken  of  the  so-called  Japanese  metKod, 
which  is  a  combination  of  the  above  fixation  methods.  A  little  Mayer's 
albumen  is  placed  on  the  slide  and  .so  spread  about  that  hardly  a  trace  of 
the  substance  can  be  seen.  The  slide  is  then  put  in  a  warm  oven  heated 
to  70°  C.  This  temperature  soon  coagulates  the  allmmcn,  after  which 
the  sections  are  fixed  to  the  slide  by  the  water  method  (  Rainke,  95). 
The  procedure  can  be  varied  by  adding  to  the  distilled  water  one  drop  of 
glycerin-albumen  or  gum  arable  to  every  30  c.c.  of  water  {vitf.  also 
Nussliaum). 

When  a  large  number  of  paraflin  sections  are  to  be  fixed  to  cover-slips, 
the  following  method  may  be  recommended :  A  small  porcelain  evapo- 
rating dish  is  nearly  filled  with  distilled  water  and  placed  on  a  stand 
which  elevates  it  6  to  8  inches  from  the  table.  A  number  of  sec- 
tions are  placed  on  the  water,  which  is  then  heated  by  means  of  a  gas 
flame  until  the  sections  become  perfectly  flat,  care  being  taken  not  to 
raise  the  temperature  of  the  water  sufficiently  to  melt  the  paraffin.     Each 
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section  floating  in  the  alcohol.  The  sections  adhere  to  the  paper,  and  in 
this  way  the  entire  surface  of  the  strip  may  be  covered  by  series  of  sections. 
To  prevent  the  dr>'ing  of  the  se(  lions,  a  nuniljer  of  such  strips  are  laid 
in  rows  on  a  layer  of  blotting-paper  moistened  with  70'/^  akohoK  A  glass 
plate  of  corresponding  size  is  painted  with  very  fluid  celloidin.  After  the 
laj'er  of  celloidin  is  dr>%  the  strips  of  paper  are  laid,  one  by  one,  on  the 
glass  plate,  with  sections  downward,  and  the  fingers  gently  passed  over 
the  reverse  side.  This  f>rocess  is  continued  until  the  entire  surface  of 
the  glass  is  covered.  On  carefully  raising  the  strips  it  is  seen  that  the 
sections  will  adhere  to  the  layer  of  celloidin.  (  lo  prevent  dr>ing, 
sei  tions  must  be  kepi  moistened  with  70%  alcohol.  )  .After  first  drying 
the  sections  with  blotting-paper,  a  second  layer  of  very  thin  celloidin  is 
fjainted  on  the  surface  of  the  glass  plate.  When  this  layer  is  also  dry, 
the  plate  with  its  adherent  sections  is  placed  in  water.  Here  the  double 
layer  of  c  elloidin  containing  the  sc<tions  is  separated  from  the  glass,  and 
is  ready  for  further  manipulation.  Before  mounting,  the  .sheet  of  celloidin 
is  cut  with  scissors  into  convenient  portions. 

In  the  case  of  celloidin  sections,  if  it  be  desirable  to  preserve 
the  surrounding  celloidin,  care  should  be  taken  that  the  preparations 
should  not  tome  in  contact  with  any  agents  dissolving  celloidin.  These 
latter  are  alcohols  from  95  y,  upward,  ether,  several  ethereal  oils,  especially 
oil  of  cloves,  but  not  the  oils  of  origanum,  cedar  wood,  lavender,  etc. 

2.  STAEMING. 

It  is  in  most  cases  necessary  to  stain  tis.sues  to  bring  clearly  to  view 
the  tissue  elements  and  their  relation  to  each  other.  The  purpose  of 
staining  is  therefore  to  differentiate  the  tissue  elements.  The  differential 
staining  is  due  to  the  fact  that  certain  parts  of  the  tissue  take  up  more  stain 
than  others.  Staining  of  sections  may  be  looked  U|jon  as  a  microchemic 
color  reaction,  and  has  therefore  a  value  beyond  the  mere  coloring  of 
sections  so  that  they  may  l>e  seen  more  clearly. 

Broadly  speaking,  stains  used  in  microscopic  work  may  l>e  divided 
into  basic  stains,  which  show  special  affinity  for  the  nuclei  of  cells  and  are 
therefore  known  as  nuclear  stains,  and  atid  stains,  which  color  more 
readily  the  protoplasm — protoplasmic  stains.  Certain  stains,  which  we 
may  know  as  selective  stains  ( they  maybe  either  basic  or  acid ),  color  one 
tissue  element  more  vividly  than  others,  or  to  the  e.xclusion  of  others. 
Since  the  various  tissue  elements  show^  affinity  for  different  slains,  prepa- 
rations may  V>e  (olored  with  more  than  one  stain.  Accordingly  we  have 
simple,  doulile,  triple,  and  multiple  staining. 

Certain  stains  are  also  especially  adapted  for  staining  in  bulk  or  mass 
— that  is,  staining  a  piece  of  tissue  before  it  is  sectioned. 

SECTION  STAINING. 
Carmiti. — Aqueous  Borax-carmin  Solution. — S  gm.  of  borax 
and  2  giu.  of  carmin  are  ground  together  and  added  to  150  c.r. 
of  water.  .After  twenty-four  hours  the  fluid  is  poured  ofl'  and  filtered. 
The  sections,  previously  freed  from  paraffin  and  treated  with  alt  ohol,  are 
placed  in  this  fluid  for  several  hours  (as  long  as  twelve),  and  then  washed 
out  in  a  'solution  of  0.5  to  x^Jt  hydrochloric  acid  in  lo^Jr  alcohol. 
They  are  then  transferred  to  70 '^  alcohol. 

Alcoholic    Borax-carmin    Solution. — 3  gm.  of  carmin  and 
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4.  gm.  of  borax  are  placed  in  93  c.c.  of  water,  after  which  100  c.c.  of 
70%  alcohol  is  added.  The  mixture  is  stirred,  then  allowed  to  settle, 
and  later  filtered.  Sections  are  treated  as  in  the  aqueous  borax-carmin 
solution. 

Paracarmin  is  the  carmin  stain  containing  the  most  alcohol, 
and  is  therefore  of  great  value. 

Carminic  acid  I      gm. 

Aluminium  chlorid 0.5     ** 

Calcium  chlorid 4        ** 

Alcohol,  70% 100     C.C. 

Paracarmin  stains  quickly,  is  not  liable  to  overstain,  and  is  there- 
fore peculiarly  adapted  to  the  staining  of  large  objects.  Specimens  are 
washed  in  70^  sdcohol,  with  the  addition  of  0.5%  aluminium  chlorid 
or  2.5%  glacial  acetic  acid  in  case  of  overstaining  (P.  Mayer,  92). 

Czocor's  Cochineal  Solution. — 7  gm.  of  powdered  cochineal 
and  7  gm.  of  roasted  alum  are  kept  suspended  in  100  c.c.  of  water  by 
stirring  while  the  mixture  is  boiled  down  to  half  its  volume.  After 
cooling  it  is  filtered  and  a  little  carbolic  acid  added.  This  fluid  stains 
quite  rapidly  and  does  not  overstain.  Before  the  sections  are  placed  in 
alcohol  they  should  be  washed  with  distilled  water,  as  otherwise  the  alum 
is  precipitated  on  the  section  by  the  alcohol. 

Partsch  recommends  the  following  solution  of  cochineal :  Finely  pow- 
dered cochineal  is  boiled  for  some  time  in  a  5'/^  aqueous  solution  of 
alum,  and  filtered  on  cooling,  after  which  a  trace  of  hydrochloric  acid  is 
added.     It  stains  sections  in  two  to  five  minutes. 

Alum-carmin  (Grenacher). — 100  c.c.  of  a  3%  to  5%  solution 
of  ordinary  alum,  or  preferably  ammonia -alum,  are  mixed  with  0.5  gm.  to  i 
gm.  of  carmin,  boiled  for  one-fourth  of  an  hour,  and  after  cooling  filtered 
and  enough  distilled  water  added  to  replace  that  lost  by  evaporation.  This 
fluid  stains  quickly  but  does  not  overstain.     Wash  the  sections  in  water. 

Hematoxylin — Bohmer's  Hematoxylin : 

Hematoxylin  crystals i  gm. 

Absolute  alcohol 10  c.c. 

Potassium  alum 10  gm. 

Distilled  water 200  c.c. 

Dis.solve  the  hematoxylin  crystals  in  the  alcohol,  and  the  alum  in  the  distilled  water. 
While  constantly  stirring,  add  the  first  solution  to  the  second. 

The  whole  is  then  left  for  alx)ut  fourteen  days  in  an  open  jar  or  dish  pro- 
tected from  the  dust,  during  which  time  the  color  changes  from  violet  to 
blue.  After  filtering,  the  stain  is  ready  for  use.  Sections,  either  loose  or 
fixed  to  the  slide  or  cover-slip,  are  placed  in  this  solution,  and  after  about 
half  an  hour  are  washed  with  water.  If  the  nuclei  are  well  stained  the  further 
treatment  with  alcohol  may  l>e  commenced.  Should  the  sections  be  over- 
stained,  a  condition  showing  itself  in  the  staining  of  the  cell-protopla.sm 
as  well  as  the  nuclei,  the  sections  are  then  washed  in  an  acid  alcohol  wa.sh 
(six  to  ten  drops  of  hydrochloric  a<:id  to  100  c.c.  of  lo^L  alcohol)  until 
the  blue  color  has  changed  to  a  reddish-brown  and  very  little  stain  comes 
from  the  section — usually  about  one  to  two  minutes.  They  are  then 
washed  in  tap-water,  and  passed  into  distilled  water  before  placing  in 
alcohol. 


Delafield's  Hematoxylin : 

HemAtoxylin  crystals     ...  •      4  gm. 

Absolute  alcohol 25  c.c. 

Ammonia  olam,  saturated  aqueous  solution  400   '* 

Alcohol,  955^ 100  *♦ 

Gl)'ccriii loo  *♦ 

Dissolve  hematoxylin  crystols  in  absolute  alcohol  and  add  to  the  alora  solution,  after 
which  place  in  an  open  vessel  for  four  days,  filter,  and  add  the  95  %  alcohol  and  glycerin. 

After  a  few  days  it  is  again  filtered.  This  fluid  is  either  used  pure  or 
diluted  with  distilled  water.  Staining  is  the  same  as  with  Bohmer'shenia- 
toxylio. 

Friedlander's  Glycerin-hematoxylin : 

HeniatoxyliiJ  crystals 2  gm, 

Pcj^oisiuiu  alum      2    " 

Absoluie  alcohol 100  c.c. 

Distilled  waler lOO    ** 

Glycerin lOO    " 

Dissulve  the  hcmaluxylin  crjstalsin  the  absolute  alcohol  and  the  alum  in  the  water ; 
mix  the  two  solulioos  and  add  the  glycerin. 

The  mixture  is  filtered  and  exposed  for  several  weeks  to  the  air  and 
light,  until  the  odor  of  alcohol  has  disappeared,  and  then  again  tlhered. 
It  stains  very  quickly.  Sections  are  afterward  washed  in  water  and  are 
jtlaced  for  a  short  time  in  acid  alcohol  if  tine  nuclei  are  to  be  especially 
brought  out. 

Ehrlich's  Heinatoxylin : 

llcinaioxylin  cry^stal't 2  gm. 

ALsolule  alctjhol .    .  60  C.C 

Glycerin  )     saturated  with     .    .    .    .60    '• 

Distilled   water  j    ammonia  alum    ....  60    " 

Glacial  acetic  acid 3    " 

The  solution  Is  to  be  exposed  to  light  for  a  long  lime.  It  is  ready  for  use  M'hcn  it 
acquires  a  deep-red  color. 

Stain  as  above. 

Hemalum  (P.  Mayer,  91). — 1  gm.  of  hematein  is  dissolved 
by  heating  in  50  c.c.  of  absolute  alcohol.  This  is  poured  into  a  solu- 
tion of  50  gm.  of  alum  in  i  liter  of  distilled  water  and  the  whole  well 
stirred.  A  th)^!!^  crj'stal  is  added  to  prevent  the  growth  of  fungus. 
The  advantages  of  hemalum  are  a.s  follows  :  The  stain  may  be  used  im- 
mediately after  its  preparation,  it  stains  quickly,  never  overstains, 
especially  when  diluted  with  water,  and  penetrates  deeply,  making  it 
useful  for  staining  in  bulk.  After  staining,  sections  or  tissues  are  washed 
in  distilled  water. 

Acid  Hemalum.— To  the  above  hemalum  solution  is  added  2^,.  of 
glacial  acetic  acid.  Stains  even  more  rapidly  thau  hemalum,  and  gives 
excellent  nuclear  differentiation.      Wash  sections  in  tap-water. 

Heidenhain*s  Iron  Hematoxylin. — (iood  results,  particu- 
larly in  emphasizing  certain  stnictures  of  the  cell  (cenirosome;,  are  ob- 
tained by  the  use  of  M.  Heidenhain's  iron  hematoxylin  (92.  2).  Tissues 
are  fixed  in  saline  sublimate  solutions,  alcohol,  or  Carnoy's  fluid.  Very 
thm  sections  (in  case  of  amniota  not  over  4  ft)  are  fixed  to  the  slide  with 
water  and  put  into  a  2.5"^  ai|ueous  solution  of  ammonium  sulphate  of 
iron  for  four  to  eight  hour>i  (  not  longer).  After  ciireful  rinsing  in  water, 
the  sections  are  lirought  into  a  solution  of  hematoxylin  prepared  as  fol- 
lows:      Hematoxylin  crystals   i  gm.,  aksolute  alcohol   10  c.c,  and  dis- 
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tilled  water  90  c.c.  This  solution  should  remain  in  an  open  vessel  for 
about  four  weeks,  and,  before  using,  should  be  diluted  with  an  equal 
volume  of  distilled  water.  Staining  takes  place  in  twelve  to  twenty-four 
hours,  after  which  the  sections  are  rinsed  in  tap-water  and  again  placed 
in  a  like  solution  of  ammonium  sulphate  of  iron,  until  black  clouds  cease 
to  be  given  off  from  the  sections.  They  are  rinsed  in  distilled  water, 
passed  through  alcohol  into  xylol,  and  mounted  in  balsam.  Should  a 
protoplasmic  stain  be  desired,  rubin  in  weak  acid  solution  may  be 
employed. 

Coal-tar  or  aniiin  stains. — Ehrlich  classifies  all  anilin  stains  as  salts 
having  basic  or  acid  properties.  The  basic  anilin  stains,  such  as  safra- 
nin,  methylene-blue,  methyl-green,  gentian  violet,  methyl -violet,  Bis- 
marck brown,  thionin,  and  toluidin-blue  are  nuclear  stains,  while  the 
acid  anilin  stains,  such  as  eosin,  erythrosin,  benzopurpurin,  acid  fuchsin, 
lichtgriin,  aurantia,  orange  G,  and  nigrosin  stain  diffusely  and  are  used  as 
protoplasmic  stains. 
Safranin  : 

Safianin i  gm. 

Absolute  alcohol 10  c.c. 

Anilin  water  .    .    • 90  " 

Anilin  water  is  prepared  by  shaking  up  5  c.c.  to  8  c.c.  of  anilin  oil  in  100  c.c.  of 
distilled  water  and  filtering  through  a  wet  filter.  Dissolve  the  safranin  in  the  anilin 
water  and  add  the  alcohol.     Filter  before  using. 

Stain  sections  of  tissues  fixed  in  Flemming's  or  Hermann's  solutions 
for  twenty-four  hours,  and  decolorize  with  a  weak  solution  of  hydrochloric 
acid  in  absolute  alcohol  (i  :  1000).  After  a  varying  period  of  time  (usu- 
ally only  a  few  minutes)  all  the  tissue  elements  will  be  found  to  have 
become  bleached,  only  the  chromatin  of  the  nucleus  retaining  the  color. 

Bismarck  Brown. — A  very  convenient  color  to  handle  is 
Bismarck  brown.  Of  this,  i  gm.  is  boiled  in  100  c.c.  of  water,  filtered, 
and  yi  of  its  volume  of  absolute  alcohol  added.  Bismarck  brown  stains 
quickly  without  overstaining,  and  is  also  a  purely  nuclear  stain.  Wash 
in  absolute  alcohol. 

Methyl-green  stains  very  quickly  (minutes),  i  gm.  is  dis- 
solved in  100  c.c.  of  distilled  water  to  which  25  c.c.  of  absolute  alcohol 
is  added.  Rinse  sections  in  water,  then  place  for  a  few  minutes  in  70% 
alcohol,  transfer  to  absolute  alcohol  for  a  minute,  etc. 

Other  so-called  basic  anilin  stains  can  be  used  in  a  similar 
manner.  Thionin  or  toluidin-blue  in  dilute  a<iucous  solutions  are  espe- 
cially useful.     Nuclei  appear  blue  and  mucus  red. 

Double  Staining. — When  certain  stains  are  used  in  mixtures 
or  in  succession,  all  portions  of  the  section  are  not  stained  alike,  but 
certain  elements  take  up  one  stain,  others  another.  This  elective  affin- 
ity of  tissues  is  taken  advantage  of  in  p/ura/  sfai'mX^.  If  two  stains  are 
employed,  one  speaks  of  double  staining. 

Picrocarmin  of  Ranvier. — Two  solutions  are  prepared,  a  satu- 
rated aqueous  solution  of  picric  acid  and  a  solution  of  cannin  in  ammonia. 
The  second  is  added  to  the  first  to  the  point  of  saturation.  The  whole  is 
evaporated  to  one-fifth  of  its  volume  and  filtered  after  cooling.  The 
solution  thus  obtained  is  again  evaporated  until  the  picrocarmin  remains 
in  the  form  of  a  powder.  A  i  ^  solution  of  the  latter  in  distilled  water 
is  the  fluid  used  for  staining. 
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To  stain  with  this  solution,  one  or  two  drops  are  placed  on  the  slide 
over  the  object  and  the  whole  put  in  a  moist  chamber  for  twenty-four 
hours.  A  cover-slip  is  then  placed  over  the  preparation,  the  picrocarmin 
drained  off  with  a  piece  of  blotting-paper,  and  a  drop  of  formic-glycerin 
(I  :  loo)  brought  under  the  cover-slip  by  irrigation.  Proper  differentia- 
tion takes  place  only  after  a  few  days,  and  the  acid-glycerin  may  then  be 
replaced  by  the  pure  glycerin.  In  objects  fixed  with  osmic  acid,  the 
nuclei  appear  red,  connective  tissue  pink,  elastic  fibere  canary  yellow, 
muscle  tissue  straw  color,  keratohyaltn  red,  etc. 

Weigert's  Picrocarmin. — The  preparation  of  Weigert's  picro- 
carmin is  somewhat  simpler.  2  gm.  of  carrain  are  stirred  in  4  c.c. 
of  ammonia  and  allowed  to  remain  standing  in  a  well-corked  bottle 
for  twenty-four  houni.  This  is  mixed  with  200  c.c,  of  a  concentrated 
aqueous  solution  of  picric  acid  to  which  a  few  drops  of  acetic  acid  are 
added  after  another  twenty-four  hours.  The  result  is  a  slight  precipitate 
that  does  not  dissolve  on  stirring.  Filter  after  twenty -four  hours.  Should 
the  precipitate  also  pass  through  the  filter,  a  little  ammonia  is  added  to  dis- 
solve it.  tioth  picrocamiin  solutions  dissolve  off  sections  fixed  to  the  slide 
with  albumen. 

Carmin-bleu  de  Lyon  (of  Rose). — Sections  or  pieces  of  tis- 
sue are  first  stained  with  carnvin  (  alimi-  or  borax-camiin).  Bleu  de  Lyon 
is  dissolved  in  absolute  ah  ohol  and  diluted  with  the  latter  until  the  solu- 
tion is  of  a  light  bluish  color.  In  this  the  sections  or  pieces  of  lis.sueare 
after -stained  for  twenty-four  hours  (developing  bone  stains,  for  instance, 
blue). 

Picric  acid  is  often  used  as  a  sci  ondary  stain,  either  in  aque- 
ous (saturated  solution  diluted  i  to  3  times  in  water)  or  in  alco- 
holic solution  (weak  solutions  in  "jo^J,.,  So'/J  ,  and  absolute  alcohol). 
Sections  previously  treatc<l  with  rarmin  or  hematoxylin  are  stained  for 
t«'0  to  live  minutes,  washed  in  water  or  alcohol,  and  transferred  to  abso- 
lute alcohol,  etc.  Sections  stained  in  safranin  can  be  exposed  to  the  ac- 
tion of  an  alcoholic  picric  acid  solution.  A  solution  of  picric  acid  in 
la'Jc  alcohol  may  be  used  to  wash  sections  stained  in  borax-carmin. 
This  often  gives  a  good  double  stain.  Sections  can  also  be  first  treated 
with  picric  acid  and  aftenvard  stained  with  alum -rarmin. 

Hematoxylin. — Van  Qieson*s  Acid  fuchsin-picric  acid  Solu- 
tion.— Slain  in  any  one  of  the  hematoxylin  solutions  and  after  rinMUg 
sections  in  water  counter-stain  in  the  following  : 

Acid  fucli>in,  I  ^  aqueous  solution       ...      See. 
PlL'ric  acid,  saturated  aqueous  solution     .    .  loo    *' 

Dilute  with  an  ecjual  quantity  of  distillerl  water  l)efore  using.  The 
hematoxylin  stained  sections  remain  in  the  solution  for  from  one  to  two 
minutes,  are  then  rinsed  in  water,  dehydrated  and  cleared. 

Hematoxylin-eosin. — Sections  already  stained  in  hematoxylin 
are  placed  for  two  to  five  minutes  in  a  i  ^,  to  z'j,  aqueous  .solution  of 
eosin  or  in  a  i '/r  solution  of  eosin  in  60^  alcohol.  They  are  then 
washed  in  water  until  no  more  stain  romes  away,  after  which  they  remain 
for  only  a  short  time  in  absolute  alrohol.  In  place  of  the  eosin  solution 
a  1^,  aqueous  solution  of  ben7.opur])urin  may  be  used  or  the  following 
solution  of  erythrosin  (Held): 

F.rythrosin 1  gtn. 

Distilled  water  . 130  c.c. 

Glacial  acetic  acid 3  diups. 
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HeiTtatoxylin.safranin  of  Rabl  (85). — Sections  of  preparations 
fived  wnh  t  hronii<  -forniit  a<  id  or  with  a  solution  of  platinum  thloridare 
stained  lor  a  short  lime  with  Delalield's  hematoxylin,  then  <  ountenstained 
for  twelve  to  twenty-four  hours  with  safranin  and  washed  with  absolute 
alcohol  until  no  moie  rolor  is  ^iven  olT. 

Biondi-Heidenhain  Triple  Stain.— Of  the  many  triple  stains  in 
use  we  mention  only  the  most  imjiortant,  the  rubin  S — orange  G — 
methyl-green  mixture  of  Khrliihand  Biondi,  employed  according  to  the 
modificaton  of  M.  Heidenhain.  The  best  results  are  obtained  with  ob- 
jects fixed  in  saline  sublimate  solution,  The  three  stains  jiLst  mentioned 
are  prepared  in  concentrated  aqueous  solutions.  (In  100  c.c.  of  distilled 
water  there  are  dissolved  respectively  about  20  gm.  of  rubin  Sj  and  8 
gm,  of  orange  (j  and  methyl-green.)  These  concentrated  solutions  are 
combined  in  the  following  proportions:  nibin  S  4,  orange  G  7,  methyl- 
green  8.  The  stock  solution  thus  obtained  is  diluted  with  50  to  100 
times  its  volume  of  distilled  water  l)efore  using.  The  sections  should  l>e 
as  thin  as  possible  and  fixed  to  the  slide  by  the  water  method.  They 
remain  for  rwenty-four  hours  in  the  stain,  and  are  then  rinsed  in  distilled 
water  or  in  90*^  alcohol  or  in  such  with  the  addition  of  a  little  acetic  acid 
(  I  to  2  drops  to  50  c.c.  I,  Before  staining  it  is  occasionally  of  advantage 
to  treat  the  sections  with  acetic  acid  (2  :  1000)  for  one  to  two  hours. 

STAINING  IN  BULK. 

Instead  of  staining  in  sections,  entire  ol)jects  can  be  stained  before 
cutting.  This  method  is  in  general  much  slower,  and  demands,  there- 
fore, special  staining  solutions,  as,  for  instance  : 

Akofio/ic  Borax'carmin  Solution. — Pieces  U.  cm.  in  diameter  remain 
in  the  stain  at  lea.st  twenty-four  hours,  are  then  decolorized  for  the  same 
length  of  time  in  acid  alcohol  10.5'/^^  to  \*'lf  hydrochloric  acid  in  70^ 
al<  ohol ),  and  after -washing  in  lo'/r  alcohol  are  transferred  to  90';^  alco- 
hol,     larger  objects  re»|uire  a  correspondingly  longer  time. 

Potatamiin. — Treatment  as  in  section  staining;  length  of  time 
according  to  size  of  object. 

Alum-carmin  of  Grenacher. — This  never  overstains.  Time  of  stain- 
ing according  to  size  of  object.  ^Vash  in  water,  then  transfer  to  70^ 
and  90 '/r  alcohol. 

Henialum,  when  diluted  with  water,  is  very  useful  for  staining  inljulk. 
After  staining,  objects  should  be  washed  with  distilled  water. 

Bohmer's  hematoxylin  stains  small  pieces  very  sharply.  Use  the  same 
as  hemalum. 

Hematoxylin  staining  according  to  R.  Heidenhain's  method  is 
especially  recommended  for  staining  in  hulk. 

Stain  objects  fixed  in  alcohol  or  picric  acid  twenty-four  hours  in  a 
0.3395/  aqueous  solution  of  hematoxylin  ;  transfer  for  an  equal  length  of 
time  to  a  0.5'^,  a<jueous  solution  of  potassium  chromate,  changing  often 
until  the  color  cea.ses  to  run.  Wash  with  water  and  fjass  into  strong 
alcohol.  This  stain  also  colors  the  protoplasm,  and  is  so  powerful  that 
very  thin  sections  arc  an  absolute  condition  to  the  clearness  of  the  prepa- 
ration. 

If  the  objects  have  been  fixed  with  picric  acid  and  the  latter  has 
not  been  entirely  washed  out,  staining  in  bulk  by  the  above  methods  pro- 
duces very  striking  differentiation. 
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Pieces  of  tissue  stained  in  bulk  may  be  infiltrated,  imbedded, 
and  cut  according  to  the  ordinary  methods.  Under  these  circumstances, 
section  staining  is  not  necessary  unless  a  still  further  differentiation  be 
desired. 

In  general,  then,  the  treatment  of  the  object  is  somewhat  as  fol- 
lows :  First,  it  is  fiixed  in  some  one  of  the  fixing  fluids  already  described, 
then  carefully  washed,  and  in  certain  cases  stained  in  bulk  before  infiltrat- 
ing with  paraffin  or  celloidin ;  or  the  staining  may  be  postponed  until 
the  tissue  has  been  cut.  In  the  latter  case,  the  sections  are  subjected  to 
the  stain  either  loose  or  ^tened  to  the  slide  or  cover-slip. 

In  all  cases  it  is  absolutely  essential  that  the  paraffin  be  entirely 
removed.  After  the  sections  have  been  stained  and  washed,  they  are 
transferred  to  absolute  alcohol  in  case  it  be  desired  to  mount  them  in 
some  resinous  medium.  They  may  also  be  mounted  in  glycerin  or 
acetate  of  potash,  into  which  they  may  be  passed  directly  from  distilled 
water. 

The  method  of  staining  tissues  in  sections  or  in  bulk  is  shown  in 
the  following  diagrams : 


In  Bulk. 
90%  alcohol 


Water 


^  Stain 


Wash  in  water 
70%  alcohol 
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Wash  in  acid  alcohol 
70%  alcohol 


In  Sections^ 
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\Sifjlo%  alcohol  I 

Remove  paraffin 

Absolute  alcohol 
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f  Distilled  water 


Distilled 
water 


Absolute  alcohol 


Stain 

/\ 

Wash  in      Wash  in  acid 
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Alcohol      Alcohol 

\  / 

Absolute  alcohol 
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The  impregnation  methods  differ  from  the  staining  methods  in  that 
in  the  latter  the  coloration  is  obtained  by  reagents  in  solution,  while  in 
the  former  the  tissues  are  filled  with  fine  particles  which  enter  into  com- 
bination with  certain  constituents  of  the  tissue  elements  and  are  reduced 
in  them. 

Silver  Nitrate  Method. — This  method  was  suggested  by  Krause ; 
it  was,  however,  brought  to  prominence  by  v.  Recklinghausen.  It  is 
especially  useful  for  staining  the  intercellular  substances  of  epithelium, 
endothelium,  and  mesothelium  and  the  ground -substance  of  connective 
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-  "--ic^.d    may  Ijc  used  on  fresh  tissues  or  on  fixed  tissues ; 

■— •'-   7i'    :":  e:->h  liivsue  is,  however,  more  satisfactory.     The  tis- 

"..-,.. --;.ij,r.e<i  are  spread  in  thin  layers,  and  immersed  in  a 

'.T^,,-^    of  silver  nitrate  for  from  ten  to  fifteen  minutes; 

V..*  1*     -.  zz  distilled  water  and  placed  in  fresh  distilled  water 

"^     "      J,- ;  solution  of  formalin  and  exposed  to  direct  sun- 

■■  ■  ^.  -,^.-i.-i.^:n  until  they  assume  a  brown  color.     The  sunlight 

■"'_,    ".-1      -.he  form  of  fine  parli«  les  which  appear  black  on 

■"■...-     rr.in.'.mitted  li^ht.      The  preparations  thus  obtained 

""';   \   "'.-J      _.yi  erin  or  dehydrated  and  mounted  in   balsam. 

'*'  .  .  ,^-  .cion  for  staining  the  endothelial  cells  of  blood  and 

"^  "        .    ^^^^thod. — In  gold  c  hlorid  impregnation  the  cells  and 

^5KKt  ^_  j.rc-*^ined  while  the  interrellular  substances  remain 

""  ',  ^^jra::on  is  obtained  by  a  reduction  of  the  gold  (either 

~  _  .'. -.    -fiijcnts — formic  arid,  acetic  acid,  citric  acid,  oxalic 

-  -     "  -T  '•"C  particles  which  impart  to  the  tis.sues  a  pur- 

-----    ~ethod  is  esj^erially  uscfiil  for  bringing  to  view  the 

_  .  :"..ers.  l»oth  motor  and  sensory  ;  however,  it  may  also 

'■    _;^:.,:":."^'  Other  tissue  elements.     The  method  of  gold 

.-:r:«i-ced  by  ('ohnheini  and  was  u.sed  by  him    in 

•*'*^       _.  --:v:j.r:ons  in  the  cornea.      It  has  received  numerous 

"  _:.    -.-.r^luftion.     The  following  may  be  mentioned: 

*        '    "  .-  —Small  jjieces  of  muscle  are   placed  in  a   1 9^ 

>ri  .1.  :dulated  by  a   trac  e  of  acetic  acid.      In  this 

^         :  :ron.i  a  few  minutes  to  half  an  hour ).     They  are 

__.     -•':  A-arer,  j^laced   in   water  slightly  acidulated  with 

.    _     ■'.  :>.e  dark.      .As  a  rule,  the  |)iec:es  will  change  in 

i*>."-jray,  grayish- violet,  and  finally  red,  from  one 

~    .     -.     tf.r.j:  recjuired  for  this  prcx  ess.     The  parts  best 

^'i:  in  those  in  the  transitional  stage  of  violet  to  red. 

:•:  "tas  l-ecn  subjec  ted  to  itinuiuerable  modifications  ; 

^■:  .:rj       i  ■  The  method  of  I,f>\vit  :  Small  pieces  are 

>.    :    '.  dI.    formic    ;i«  icl  u\u\  2  \ols.    distilled  water 

,    -L;>;arent  (ten  mituitc-,  ■.    They  are  then  ])laced 

.   i    rL^^rid.  in  whi«  h  they  !)«.•(  ome  yellow  ',  one-cjuarter 

.■»\    .Uj.:n   j*lac  ed    in    loniiic     a<  id,    in   which   they 

^      -lOr  ..hangcs  a->  nlioM-.      liiKilly,  they  are  washed 

""^     ^T    •■  treated  with  al<  o!if)l  and  c  i:t.      (2;  Kiihne 

vl  :::on  of  a«  cMic  a<  id  <  cN].e'  ially  in  the  case  of 

X     -c  -regimens  with  a  \',   sohiiion  of  p:old  c  hlurid, 

1     •.  _•.  to  25'/  foriiiii   ai  id  cli^-^olvcd  in  e<|ual  parts 

;     Ranvier  (  Xfj  ;  ac  icliiU-^  with  fn-sh  lemon  juice 

.  ■  :ca  treats  with  a  \' ,    sohiiion  of  ;,'()ld  chloric! 

■.MUor  .  and  finally  ciihcr  pLu  c-s  the  >i»e«  inien  in 

A -.■'•'■  -i«  icl  ■  I  clrop  !■)  yi  (  .(  .  water    and  s'.ibjec  ts 

•'\..T    iLiy-.,   c)r    if(li|(i-,    it    in   tlu"    dark,    as  in 

-.^■.■..;  or:  o\    I    \ol.    fornjii    a<  id  and  2  \i)l-».   water. 

•.  -.MC  .■'"'.orid  of  ^old  ;iiid  pota^-iiim.  li'it  in  weaker 

-^I'.'.'.tion,    oilictwi  r   he-   (ontinm--;  as   in    the 

;     I  "lOiiii  ■  94  t  aKo  n •,(•■.  thi-  >.uiie  (lo-ible  c  hlorid, 

•  :Nf!T:o".:s  acid,  ancl   then    redn*  <.^   in    \',',   ar-,eni- 
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Qo\gi*s  Chromsilver  orChromsublimate  Method. — This  method 
depends  on  the  formation  of  a  very  fine  precipitate,  which  forms  in  cer- 
tain tissue  elements  or  in  preexisting  space,  when  treated  first  with  a 
solution  of  bichromate  of  potassium  and  secondarily  with  a  solution  of 
silver  nitrate  or  bichlorid  of  mercury-.  The  nature  and  precise  location 
of  this  precipitate  is  not  well  understood.  It  is  very  probable,  however, 
as  Kallius  suggests,  that  an  albumin-chromsilver  comjtoiind,  of  an 
unknown  constitution,  is  formed  in  the  cells  and  processes  or  in  spaces 
filled  with  the  precipitate.  This  method  is  especially  useful  in  bringing 
to  view  the  cellular  elements  of  the  nervous  system,  both  central  and 
peripheral  ;  further,  the  end- ramifications  of  gland  ducts,  and  now  and 
then  cell  boundaries.  Usually  only  a  small  percentage  of  the  tissue 
elements  or  the  spaces  of  any  given  tissue  are  colored.  This  may,  how- 
ever, be  regarded  as  one  of  the  advantages  of  the  method,  since  it 
enables  a  clearer  view  of  the  parts  colored.  The  precipitate  appears 
black  in  transmitted  Hght.  It  is  necessary  to  state,  however,  that  this 
method  is  very  unreliable,  and  that  failures  are  often  met  with,  also  that 
an  amorphous  precipitate  is  generally  formed,  both  in  and  almut  the 
tissues,  which  in  part  at  least  destroys  the  usefulness  of  the  preparations 
obtained. 

Golgi's  methods  will  perhaps  be  better  understood  if  we  first 
give  a  short  historic  sketch  of  their  development. 

In  the  year  1875  Golgl  applied  his  mclhod  as  follows;  He  fixed  (olfactory  bulb)  in 
Miiller's  tliiict,  and  increased  the  perc«Mage  of  bichromate  on  changing  the  Ruid  (up  to 
4  %},  Fixation  lasted  tive  or  six  weeks  in  summer  and  three  or  four  months  or  more 
in  winter.  He  then  took  out  pieces  of  the  tissue  every  four  or  five  days  and  treated  them 
experimentally  with  a  0.5  Jt  to  l%  silver  nitrate  solution.  In  summer  this  process  tcx)k 
about  twenty-four  hours,  and  in  winter  forty- eight  hours,  although  a  longer  treatment 
was  not  found  lo  be  detrimental.  This  melhod  must  be  regarded  as  ver)-  uncertain,  since 
the  length  of  time  during  which  (lie  specimens  remain  in  MUllcr's  fluidi  must  be  very 
closely  calculated,  as  it  depends  largely  upon  the  iem{>eralure  of  the  medium.  As  soon 
as  the  silver  reaction  was  establi*.hed,  the  pieces  were  preser\'ed  either  in  the  silver  solu- 
tion itiself  or  in  alcohol.  'I'he  sections  were  finally  washed  in  absolute  alcohol,  cleared 
with  creosote,  and  mounted  in  (.'anada  halsatn.  I'he  impregnation  disappeared  in  a 
short  lime.  In  the  year  1885  Golgi  made  a  further  announcement  regarding  his  method, 
recommending  for  hxatinu  I  he  pure  bichromate  of  potassium,  as  well  as  Mtiller's  fluid. 
Pieces  of  the  brain  and  spinal  cord  (from  i  to  1.5  c.c.  in  size)  from  a  freshly  killed  ani- 
mal were  used,  ami  the  reaction  sometimes  t*xjk  place  in  from  twenty-four  to  forty-eight 
hours  after  detith.  For  fixing,  potassium  bichromate  solution  in  gradually  ascending 
strengths  {I'/c  to  S/4)  was  employed,  large  amounts  of  the  fluid  being  used  and  placed 
in  well-sealed  receptacles.  The  flut<l  was  repeatedly  changed,  and  camphor  or  salicylic 
acid  was  added  in  order  to  prevent  the  growth  of  fungi.  Since  it  is  difficult  to  determine 
exactly  when  fixation  in  potassium  bichromate  reaches  the  precise  point  favorable  to  sub- 
sequent treatment  with  nitrate  of  silver,  because  the  process  depends  entirely  u{X)n  the 
temperature  and  quantity  of  the  fluid,  it  become.s  necessary,  after  about  six  weeks'  treat- 
ment with  the  bichromate,  to  experiment  every  eight  days  or  so  to  see  whether  the 
silver  nitrate  gives  good  resulu.  The  strength  of  the  latter  should  be  about  0.66;;^  and 
the  quantity  about  200  c.c.  to  a  I  c.c.  object.  At  first  a  plentiful  precipitate  is  thrown 
down,  in  which  case  the  solution  should  be  changed,  and  this  probably  repeated  once  more 
after  a  few  hours.  After  twenty-four  hours,  at  the  most  forty  eight  hours,  this  process  is 
usually  completed,  and  the  tissues  may  be  sectioned.  The  sections  must  then  be  care- 
fully dehydrated  with  absolute  alcohol,  cleared  in  creosote  and  mounted  withttuta  cover- 
glass  in  Canada  bakam  (the  section  is  mounted  on  a  cover-glass  with  Canada  balsam,  and 
the  cover-slip  then  fastened  over  the  opening  of  a  perforated  slide  with  the  specimen 
downward). 

In  order  to  obtain  a  uniform  penetration  of  the  objects  by  the  potassium 
bichromate,  the  Utter  may  be  first  injected  into  the  vessels.  Golgi  uses  jx>Uissium 
bichromate-gelatin  (  2. 5  ft  of  the  salt,  based  on  the  amount  of  the  .softened  gelatin  ;  com- 
pare Golgi,  93).     After  the  injection  and  cooling  of  the  specimen  the  latter  is  cut  in 
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mizA  piccM  «nd  treated  in  the  manner  previously  described.  Instead  of  MUller's  fluid, 
that '/  Kriicki  may  be  used,  the  time  of  treatment  being  then  shorter  (from  five  to  eight 
<lay»i. 

The  object*  may  also  be  treated  with  a  potassium  bichromate-osmic  acid  solution 
2.$'i  lolutkin  of  potassium  bichromate,  8  vols.;  l%  osmic  acid,  2  vols.),  the  sections 
tii»%  treated  (jeing  ready  for  immersion  in  silver  nitrate  after  two  or  three  days.  It  is  ad> 
Yi>taiAe  *'*  'r^ai  the  objects  with  the  }K>tassium  bichromate  solution  first,  and  then  with  the 
fy/fa»tium  bi':hromate-fismic  mixture.  By  this  method  the  specimens  remain  under  the 
tj/tt^vA  of  the  investigator ;  they  may  be  examined  either  at  once,  or  after  an  interval 
varying  Jielween  three  or  four  and  twenty-five  to  thirty  days  after  immersion.  If  then  one 
tit  »«>«^al  piece*  tA  tissue  are  taken,  at  intervals  of  two,  three,  or  four  days,  from  the  potas- 
tirjfii  l^.hr'irnate  volution  and  [)laced  in  the  potassium  bichromate-osmic  acid  mixture, 
utA  ih«rii  in  the  wlver  nitrate  solution,  various  combinations  of  the  fluids  result,  and  the 
iriv4r«iigatfjr  it   unually   rewarded  with  at   least  some   sections  giving  most  excellent 

An^jther  one  fff  Gtilgi's  methods  consists  in  successive  treatment  with  potassium 
tfH  iitt/nMir.  arxl  bichlorid  of  mercury.  After  remaining  in  the  potassium  bichromate  for 
iftirn  three  lo  fmjr  werki  (a  longer  period  is  allowable),  the  objects  are  placed  in  a  0.25% 
Ut  I  %  ^Auiiitti  of  coTTttsive  sublimate.  In  the  latter  the  specimens  blacken  much  more 
*ltrw\y  ttiart  ifi  the  Htlver  nitrate  solution — eight  to  ten  days  for  smaller  pieces  ;  for  larger 
iiitt-%,  two  iiftitiUn,  and  in  wime  cases  even  longer.     Before  mounting  the  preparations  in 

J;lyf#riri  </r  ^Niia/la  l/alsam  they  must  be  carefully  washed  ;  otherwise  pin-shaped  crystals 
ttiin  wHhifi  lUf  kri.Uitut  and  distort  the  whole  view.  The  metallic  white  of  the  prepara- 
lyiu  mny  )>*•  i  liaogH  to  bla<;k  by  placing  the  celloidin  .section  in  a  photographer's  toning 
•«<liil)//fi  «i«ri«i<i<irig  of  :  {a)  vMliuni  hy[M)Sulphite  175  gm.,  alum  20 gm.,  ammonium  sulpho- 
I  iuuuX  to  Kin.,  MMUum  chlorid  40  gm.,  and  water  looo  gm.  (the  mixture  must  stand  for 
ri^hl  thy*  nuA  tUru  fie  filieredj ;  (6)  a  1%  gold  chlorid  solution.  The  specimen  is 
\Am  ril  Un  M  tfV¥  iriifiul<-»  in  a  solution  composed  of  60  c.c.  of  a  and  7  c.c.  of  d,  washed 
NgNlM  In  dutillrri  wKtrr.  drhydrated  with  alcohol,  and  mounted  in  Canada  balsam.  After 
loiiifitf  and  wnAnufi,  the  m-(  tions  may  still  be  stained. 

(iii\ai'*  lUriUml*  arf  extremely  inconstant  in  their  results.  When  .successful,  how- 
nvi-f,  only  m  frw  r\rmviitn  are  blackened  each  time,  an  advantage  not  to  be  underesti* 
Mirtind  i  M'f  it  nII  nefvr»  khoiild  stain  equally  well,  discrimination  between  the  various 
il»<Mipiil«  III  (lir  pi^'parnlion  would  l)e  very  difficult.  Neither  are  the  same  structures 
nIwhv*  llii|iir|{iiHlcd  ;  witnelimeH  it  is  the  ganglion  cells  and  fibers,  at  other  times  the  neu- 
iHiilMi  till*,  Hiid  tHtatHituaWy  only  the  vessels. 

AMt'i  \)w  f()rcK'>'"K  explanation  of  Golgi's  methods  as  applied  by 
l)iiii>Htll,  wit  ultitll  nppnul  a  tIcM-ription  of  these  methods  as  modified  and 
I'tiijiltiVtMl  itl  Ihn  prrnrrit  time  f  Ram6n  y  Cajal,  Kolliker,  von  Lenhoss^k 
411(1  ullirin) 

UmImI'""  iiu'lhoilH  MM*  <  lasHificd  as  the  slow,  the  mixed,  and  the  rapid. 

I  li»»  iihiw  III#II1(kI  rr<|iiin's  a  j)reliminary  treatment.  Pieces  of  tis- 
»VH>  Horn  I  l«»  4  till.  Ill  tllHincttT  arc  placed  for  from  three  to  five  weeks 
wx  .\  jv,  |ml.i>ihluiii  l»i«  luoiimtr  .solution  ;  they  are  then  transferred  for  from 
\\\\n\\  U«ui  Ui  U«UV  riKliI  htMiis  to  a  0.755^  silver  nitrate  solution,  or  for 
4  iiuuh  U»un*i  U\uv  l«»  «  «»  5'/  Holution  of  corrosive  sublimate. 

\u  tUv>  lllUVil  lltvlhod  the  H])r(  imens  are  allowed  to  remain  for  four 
vu  n\\  \\,\\^  \u  A  i%  iu\\wo\\n  p(Ha.s.sium  bichromate  solution;  then  for 
luoit  iwokiN  Uuti  l«i  \\\\\\v  hoiiiH  in  a  mixture  consisting  of  1%  osmic 
u\A  I  \kA  .  auvl  i'\-  poljiviiuin  birhrotnate  solution  4  vols.  They  are 
(U,  Ik  tuaisvl  wuh  .\  V.  •/>•;   iibrr  nilratc  solution  for  one  or  two  days. 

^Mwii  iKv  (M|»UI  llll^tlKHl  IH  employed,  the  specimens  are  immedi- 
*i%U  pi.uv\l  >u  t  kuiyuns'  touti'ttiiig  of  1  vol.  of  !'/(  osmic  acid  and  4 
w.:,  .»l  »  ,  X  «  I'vm.tnuu  bhhioinjiti'  solution,  and,  finally,  for  one  or 
»\\v«  xU»\  .  ■«.  »  .  y  i  olwM  \\\\u\\v  solution,  to  ever>-  200  c.c.  of  which 
V  ...   ..iv,.  .«=   .v  un.    I,  ivl  \\.\^  Kvu  {uldod. 

v\  »,  .     ..iA»\.H.,  vUv.,v  \m'»lu«U,  and  more  particularly  the  one  last 

.,   .      .,  ;.    vx  »     X  .,  J HM  iv»  bs  »hs«  uu»?»t  rlliiient),  the  following  conditions 

,      .  X  ;  .\  .^'..Nisxsl     h  p^wMblo,  the  material  should  be  absolutely 
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fresh,  the  specimens  must  not  exceed  3  or  4  mm.  in  thickness,  and  for 
every  piece  of  tissue  treated  about  10  c.c.  of  the  osmium  potassium 
bichromate  mixture  should  be  eni])loyed,  the  specimens  remaining  in  the 
tetter  (in  the  dark  )  at  a  temperature  of  25°  C.  for  a  length  of  time  vary- 
ing according  to  the  result  desired  (two  or  three  days  for  the  neurogliar 
cells,  from  three  to  five  days  for  the  ganglion  cells,  and  from  five  to  seven 
days  for  the  nerve-fibers  of  the  sjjinal  cord).  The  objects  are  now  dried 
with  blotting-paper  or  washed  quickly  in  djslilled  water  and  then  placed 
for  two  or  three  days  in  a  075^^  silver  nitrate  solution  at  room -tempera- 
lure.  In  this  they  may  remain  for  four  or  five  days  without  damage,  but 
not  longer,  as  otherwise  the  precipitate  becomes  markedly  granular  (vid. 
V.  Lenhossek,  92). 

If  Golgi's  method  be  unsuccessful  (this applies  to  all  its  modifica- 
tions), the  prej<arations  may  be  transferred  from  the  silver  nitrate  solu- 
tion back  into  a  potassium  bichromate-osmic  acid  mixture  containing 
less  osmic  acid,  in  which  they  remain  several  days,  and  are  then  again 
placed  in  the  silver  nitrate  solution  for  from  twenty-four  to  forty-eight 
hours.     This  procedure  may  even  be  repealed. 

Cox  obtains  a  precipitate  in  both  cells  and  fibers  by  treating 
small  pieces  of  the  central  nervous  organs  with  a  mixture  composed  of 
potassium  bichromate  20  parts,  ^^fc  corrosive  sublimate  20  parts,  distilled 
water  30  to  40  parts,  and  5%  potassium  chromate  of  strong  alkaline 
reaction  16  parts.  'I'he  specimens  remain  in  this  mixture  from  one  to 
three  months,  according  to  the  temperature,  and  are  then  further  treated 
according  to  Golgi's  method. 

As  the  chrome-silver  preparations  are  not  permanent,  and  can  not, 
therefore,  be  subsequently  stained,  Kallius  has  suggested  that  the  chrome- 
silver  precipitate  be  reduced  to  mctaHic  silver  by  treatment  with  the 
'*  quintuple  hydro<|uinon  developer"  (hydroquinon  5  gm.,  sodium 
sulphite  40  gm. ,  potassium  carbonate  75  gm..and  distilled  water  250 
gm,).  For  this  purpose  20  c.c.  of  the  solution  are  diluted  with  230  c.c. 
of  distilled  water  ;  this  mixture  may  be  preserved  in  the  dark  for  some 
time  if  desired.  Before  using  this  latter  solution,  it  should  be  mixed  with 
^5,  or  at  the  most  Jj  ,  of  its  volume  of  absolute  alcohol.  The  sections  are 
placed  in  a  watch-crystal  containing  some  of  the  latter  mixture  until  they 
turn  black  (a  few  minutes).  As  soon  as  the  silver  salt  is  completely 
reduced,  the  sections  are  placed  for  from  ten  to  fifteen  minutes  in  70 '^ 
alcohol,  then  tor  five  minutes  in  a  20*5^^^  solution  of  sodium  hyposulphite 
and,  finally,  washed  for  some  time  in  distilled  water,  after  which  they 
may  be  stained,  and  even  treated  with  acid  alcohol  and  potassium 
hydrate. 

The  following  simple  method  for  permanentSy  mounting  Golgi  prepar« 
ations  under  a  cover-glass  has  been  recommended  by  Huber. 

After  impregnation  with  chrome -silver  the  tissues  are  hastily  dehy- 
drated, imbedded  in  celloidin,  and  cut  in  sections  varying  from  25  ;t  to 
TOO  /I  in  thickness.  The  sections  are  then  dehydrated  and  placed  for 
from  ten  to  fifteen  minutes  in  creosote,  from  which  they  arc  carried 
into  xylol,  where  they  remain  another  ten  minutes.  The  sections  are 
then  removed  to  the  slide.  The  xylol  is  then  removed  by  pressing  sev- 
eral layers  of  filter-paper  over  the  section.  On  removing  the  filler-paper 
the  sections  are  (;[uickly  covered  by  a  large  drop  of  xylol  balsam  and  the 
slide  is  carefully  heated  over  a  flame  for  from  three  to  five  minutes.     Be- 
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fore  the  balsam  cook  the  preparation  is  covered  with  a  large  cover-glass, 
warmed  by  passing  several  times  through  the  flame. 

Kopsch  fg6j  places  specimens  in  a  solution  composed  of  lo  c.c. 
of  formalin  ^40^  formaldehyd;  and  40  c.c.  of  a  3.5^  solution  of  potas- 
sium bichromate.  For  objects  2  c.c.  in  size  50  c.c.  of  the  fluid  are  em- 
ployed ;  but  if  the  specimens  be  large,  the  mixture  must  be  changed  in 
twelve  hours.  At  the  end  of  twenty -four  hours  this  fluid  is  replaced  by  a 
fresh  3.5%  potassium  bichromate  solution,  and  the  specimens  are  then 
transferred  to  a  0.755^  solution  of  silver  nitrate  (after  two  days,  if  the 
tissue  be  the  liver  or  stomach ;  and  after  from  three  to  six  days,  if  retina 
or  central  nervous  s>'stem).  After  this  treatment  the  objects  are  car- 
ried over  into  40^  alcohol  and,  Anally,  into  absolute  alcohol,  imbedded 
as  rapidly  as  possible,  and  cut.  The  sections  are  mounted  in  balsam 
without  a  cover-glass. 

PREPARATION  OF  PERMANENT  SPECIMENS. 

The  resinous  media  used  in  the  final  mounting  of  preparations  are 
Canada  l>alsam  and  damar. 

Canada  Balsam. — Commercial  Canada  balsam  is  usually  dissolved  in 
tur{>entine ;  it  should  l>e  slowly  evaporated  in  a  casserole  and  then  dissolved 
in  xylol,  toluol,  or  chloroform,  etc.  The  proi>er  concentration  of  the  solu- 
tion is  found  with  a  little  experience.  A  thick  solution  penetrates  the 
interstices  of  the  section  with  difficulty,  and  usually  contains  air-bubbles 
which  often  hide  the  best  areas  of  the  preparation,  and  can  only  be  re- 
moved with  difficulty  by  heating  over  a  flame.  'ITiin  solutions,  on  the 
other  hand,  have  also  their  disadvantages  ;  they  evaporate  very  quickly,  and 
the  empty  space  thus  created  between  the  cover-slip  and  slide  must  again 
be  filled  with  Canada  balsam.  This  is  best  done  by  dipping  a  glass  rod 
into  the  solution  and  placing  one  drop  at  the  edge  of  the  cover-slip, 
whereupon  the  fluid  spreads  out  between  the  cover-slip  and  slide  as  a 
result  of  capillary  attraction.  Canada  balsam  dries  rather  slowly,  the 
rapidity  of  the  process  depending  upon  the  temperature  of  the  room.  To 
dry  quickly,  the  slides  may  be  held  for  a  few  moments  over  a  gas  or 
alcohol  flame,  or  they  may  be  placed  in  a  warm  oven,  where  the  prepara- 
tions become  so  dry  in  twenty-four  hours  that  they  can  be  examined  with 
an  oil -immersion  lens.  The  oil  used  for  this  purpose  should  be  wiped 
away  from  the  cover-slip  after  examination.  This  can  only  be  done,  with- 
out moving  the  cover-slip,  when  the  balsam  is  thoroughly  dry  and  holds 
the  cover-slip  firmly  in  place. 

Damar. — Damar  is  dissolved  preferably  in  c(iual  i>arts  of  oil  of  tur- 
pentine and  benzin.  It  has  the  advantage  of  not  rendering  the  prepara- 
tion as  translucent  as  Canada  lialsam.      (nhenvise  it  is  used  as  the  latter. 

Clearing  Fluids. — Since  alcohol  does  not  mix  with  Canada  balsam 
or  damar,  an  intermediate  or  clearing  fluid  is  used  in  transferring  objects 
from  the  former  into  the  latter.  Xylol,  toluol,  ( arbol-xylol  (  xylol,  3  j)arts; 
carbolic  acid,  i  part),  oil  of  bergamot,  oil  of  cloves,  and  oil  of  origanum 
are  ordinarily  used.  The  process  is  somewhat  simpler  where  sections  are 
fixed  to  the  slide.  Xylol  is  dropped  onto  the  surface  of  the  slide,  or  better, 
the  whole  preparation  is  placed  for  a  few  minutes  in  a  ves.sel  containing 
xylol  until  the  difl"usion  currents  have  ceased  (which  may  be  seen  with 
the  naked  eye).  The  slide  is  then  taken  out,  tilted  to  allow  the  xylol  to 
run  off",  wiped  dry  around  the  object  with  a  cloth,  and  placed  upon  the 
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table  with  the  specimen  upward.  A  drop  of  Canada  l)alsam  is  now 
placed  on  the  section  (usually  on  its  left  side),  and  a  clean  cover-slip 
grasped  with  a  small  forceps.  It  is  then  gently  lowered  in  such  a  way 
that  the  Canada  balsam  spreads  out  evenly  and  no  air-bubbles  are  im- 
prisoned under  the  glass.  When  this  is  done  the  preparation  is  finished. 
If  one  is  dealing  with  loose  sections,  a  spatula  or  section-lifter  is 
very  useful  in  transferring  them  from  absolute  alcohol  into  the  clearing 
fluid — carbol-.xylol  or  bergamot  oil  (xylol  evaporates  very  rapidly) — ^and 
from  this  onto  the  slide.  In  doing  this  it  is  necessary  that  the  sec- 
tion should  lie  well  spread  out  on  the  section -lifter,  wrinkles  being  re- 
moved with  a  needle  or  small  camel's-hair  brush.  In  sliding  the  section 
off  the  spatula  (with  a  needle  or  brush)  a  small  quantity  of  the  clearing  fluid 
is  also  brought  onto  the  slide.  This  miLst  ht  removed  as  far  as  possible 
by  tilting  or  with  blotting-paper.  The  section  can  now  be  mounted 
in  Canadia  balsam  as  Ijefore.  For  esthetic  and  practical  reasons  the 
student  should  see  that  during  the  spreading  of  the  drop  of  Canada  balsam 
the  section  remains  under  the  middle  of  the  cover-slip.  Should  it  float 
to  the  edge,  it  is  best  to  raise  the  cover-slip  and  lower  it  into  place  again. 
The  cover-slip  should  never  be  slid  over  the  specimen. 

Olyceriit. — To  mount  in  glycerin  the  sections  are  transferred  from 
water  to  the  slide,  covered  with  a  drop  of  glycerin  and  the  cover-slip  ap- 
plied. This  method  is  employed  in  mounting  sections  colored  with  a 
stain  that  would  be  injured  by  contact  with  alcohol,  and  where  clearing  is 
not  especially  necessary. 

Farrant's  Qum  Glycerin. 

In  place  of  pure  glycerin  the  following  mixture  may  be  used; 

Glycerin ,    . 50  c.c. 

Water      50    ** 

Gum-arabic  (powder) 50  gm. 

Arsenious  acid I    " 

Dissolve  the  nrsenious  acid  in  water.  Place  the  gum-arabic  in  a  glass  mortar  and 
mix  it  with  the  water;  then  add  the  glycerin.  Filter  through  a  wet  filler-paper  or 
through  fine  miuilin. 

To  i)reserve  such  preparations  for  any  length  of  time  the  cover- 
glasses  must  be  so  fixed  as  to  shut  off  the  glycerin  or  acetate  of  potash 
from  the  air.  For  this  pur[>ose  cements  or  varnishes  are  employed  which 
arc  painted  over  the  edges  of  the  cover-slip.  These  masses  adhere  to  the 
glass,  harden,  and  fasten  the  cover-slip  firmly  to  the  slide,  hermetically 
sealing  the  object.  The  best  of  these  is  probably  Kronig's  varnish,  pre- 
pared as  follows  :  2  parts  of  wax  are  melted  and  7  to  9  parts  of 
coloj*honium  stirred  in,  and  the  mass  filtered  hot.  Before  employing 
an  oil-immersion  lens  it  is  advisable  to  paint  the  edge  with  an  alcoholic 
solution  of  shellac. 

METHODS  OF  INJECTION. 

The  process  of  injection  consists  in  filling  the  blood-  and  lymph-ves- 
sels with  coloretl  masses  in  order  to  bring  out  clearly  their  relation  to  the 
neighboring  tissue  elements.  The  instruments  required  are  a  syringe  of 
suitable  size  or  a  constant  pressure  aj)paratus  and  cannulas  of  various  sizes. 
Serviceable  and  instructive  injections  of  blood-vessels  are  readily  made; 
good  injections  retjuirc  skill,  experience,  and  patience.  Injection  masses 
may  be  clas.sed  under  two  heads — cold  injection  masses  and  warm  injection 
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masses.  The  vehicle  of  the  latter  is  most  generally  gelatin.  For  inject- 
ing the  blood-vessels  either  the  cold  or  the  warm  masses  may  be  employed, 
although  the  latter  gives  better  results.  The  cold  masses  are  to  be  used 
for  injecting  the  lymphatic  vessels.  In  injecting  the  blood-vessels  it  is 
well  to  wash  out  the  vessels  with  warm  normal  sail  solution  before  the  in- 
jection mass  is  forced  into  the  vessels.  The  following  masses  may  be 
recommended : 

Qelatin-cannin. — The  first  is  a  gelatin-carmin  mass,  and  is 
prepared  as  follows:  (i)  4  gm.  of  carmin  are  stirred  into  8  c.c.  of 
water  and  thoroughly  ground.  Into  this  a  suffit.ienl  quantity  of  ammonia 
is  j>oured  to  produce  a  dark  cherry  color  and  render  the  whole  inins|>ar- 
ent.  (2)  50  gm.  of  finest  quality  gelatin  is  placed  in  distilled  water  for 
twelve  hours  until  well  soaked.  It  is  then  pressed  out  by  hand  and 
melted  at  a  temperature  of  70*^  C.  in  a  porcelain  evaporating  dish.  The 
two  solutions  are  now  slowly  mixed,  the  whole  !>eing  constantly  stirred 
until  a  complete  and  homogeneous  mixture  is  obtained.  '1  o  this  mass  is 
added,  drop  by  drop,  a  25'^.  acetic  acid  solution  until  the  color  begins 
to  change  to  a  brick  red  and  the  mass  becomes  slightly  opaque.  This 
should  be  very  carefully  done,  as  a  single  drop  too  much  may  spoil  the 
whole.  During  this  procedure  the  substance  should  be  kept  at  70''  C. 
and  constandy  stirred,  I'he  t.hange  in  color  indicates  that  the  reaction 
of  the  mass  ha.s  become  neutral  or  even  slightly  acid  (an  ammoniac  solu- 
tion should  not  be  used,  since  the  stain  diffuses  through  the  wall  of  the 
vessel  and  colors  the  syrrounding  tissues);  the  whole  is  filtered  through 
flannel  while  still  warm.  As  this  mass  hardens  on  cooling  it  is  injected 
wann.  The  instruments  used  are  also  warmed  before  the  injection  is 
begun. 

Gelatin-Iierlin  Blue. — One  part  of  oxalic  acid  is  powdered  in  a 
mortar;  to  this  is  added  one  part  of  Berlin  blue  and  12  parts  of  water. 
Stir  and  rub  until  a  solution  is  obtained.  Pre}>are  a  gelatin  vehicle  as 
directed  in  the  preceding  paragraph  ;  to  12  parts  of  ihe  gelatin  mass  add 
slowly  while  stirring  12  i>arts  of  the  Berlin  blue  solution.  The  whole  is 
filtered  through  flannel  while  still  warm. 

Yellow  Gelatin  Mass  (Hoycr). — Prepare  a  gelatin  vehicle  consist- 
ing of  I  pan  of  gelatin  and  4  parts  of  distilled  water;  a  cold,  saturated 
solution  of  bichromate  of  potassium  and  a  rold,  saturated  solution  of  lead 
acetate.  Take  equal  volumes  of  each.  Add  the  bichromate  of  potassium 
solution  to  the  gelatin  and  heat  almost  to  boiling;  then  add  slowly, 
while  stirring,  the  lead  acetate  solution. 

Carmin  Mass,  Cold  i  Kollmann).^ — -One  gm.  of  carmin  is  dissolved 
in  a  small  quantity  of  ammonium  hydrate  and  20  c.c.  of  glycerin  added. 
To  another  20  c.c.  of  glycerin  there  is  added  20  drops  of  hydrochloric  acid 
and  this  added  to  the  gly*erin-<armin  mixture  while  stirring. 

Saturated  aqueous  solutions  of  Berlin  blue  or  a  Prussian  blue  may  also 
be  usc<i  for  i  old  injections. 

Injection  masses  already  prepared  are  to  be  had  in  commerce. 
Besides  those  already  mentioned,  still  others  colored  with  China  ink,  etc., 
arc  in  general  use. 

Small  animals  are  injected  as  a  whole  by  i>assing  the  cannula  of 
a  syringe  into  the  left  ventricle  or  aorta.  In  the  case  of  large  animals, 
or  where  very  delicate  injections  are  to  be  made,  the  cannula  is  inserted 
into  one  of  the  vessels  of  the  respective  organs.  The  proper  ligation  of 
the  remaining  vessels  should  not  l)e  omitted. 
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Organs  injected  with  carmin  are  fixed  in  alcohol  and  should  not 
be  brought  in  contact  with  acids  or  alkalies.  Such  parts  as  are  injected 
with  Berlin  blue  are  less  sensitive  in  their  after-treatment.  Pieces  or  sec- 
tions that  have  become  pale  regain  their  blue  color  in  oil  of  cloves. 

l(  objects  or  sections  injected  with  Berlin  blue  be  treated  with 
a  solution  of  palladium  chlorid,  the  bluish  color  changes  to  a  dark 
brown  which  afterward  remains  unchanged  (  K.ui)n"er). 

By  means  of  the  above  injection  methods  other  lumina  can  be 
filled,  as,  for  instance^  those  of  the  glands.  As  a  rule,  these  are  only  par- 
tially filled^  since  they  end  blindly,  and  their  walls  are  less  resistant  and 
may  l»e  damaged  by  the  pressure  i)roduced  by  the  injection. 

Silver  Nitrate. — In  thin  membranes  and  sections  the  vessel -walls  can 
be  rendered  distinct  by  silver-impregnation,  which  brings  out  the  out- 
lines of  their  endothelial  cells.  This  may  be  done  either  by  injecting  the 
vessel  with  a  1%  solution  of  silver  nitrate,  or,  according  10  the  process 
of  Chrzonszczcwsky,  with  a  0.25'^,  solution  of  silver  nitrate  in  gelatin. 
This  method  is  of  advantage,  since,  after  hardening,  the  capillaries  of  the 
injected  tissue  appear  slightly  distended.  Organs  thus  treated  can  be 
sectioned,  but  the  endothelial  mosaic  of  the  vessels  does  not  appear  defi- 
nitely until  the  sections  have  been  exposed  to  sunlight. 

The  injecting  of  lymph -channels,  lymph -vessels,  and  lyrajih- 
s{>aces  is  usually  done  by  puncture.  A  pointed  cannula  is  thrust  into 
the  tissue  and  the  syringe  emptied  by  a  slight  but  constant  pressure.  The 
injected  rluid  spreads  by  means  of  the  channels  olTering  the  least  resist- 
ance. For  this  purpose  it  is  best  to  employ  aqueous  solutions  of  IJerlin 
blue  or  silver  nitrate,  as  the  thicker  gelatin  solutions  cause  tearing  of  the 
tissues. 

Altman^s  Process. — To  bring  out  the  blood  capillaries  and  the 
lymphatic  channels,  Altman's  process  (79),  in  which  the  vessels  are  in- 
jected with  olive  oil,  is  useful.  The  objects  are  then  treated  with  osmic 
acid,  sectioned  by  means  of  a  freezing  microtome  and  fmaily  treated  with 
eau  de  Javelle  (a  concentrated  solution  of  hypochlorite  of  pota.ssium). 
By  this  process  ail  the  tissues  are  eaten  away,  the  casts  of  the  blood-vessels 
remaining  as  a  dark  framework  (corrosion  ; .  The  manipulation  of  these  pre- 
parations is  extremely  difficult  on  account  of  the  brittlencss  of  the  oil  casts. 
For  lymph-channels  .Altman  {if>i<i.)  used  the  so-called  oil -impreguation. 
Fresh  pieces  of  tissues,  thin  lamella;  of  organs,  cornea,  etc.,  are  placed 
for  five  to  eight  days  in  a  mixture  containing  olive  oil  i  part,  absolute 
alcohol  )<  part,  sulphuric  ether  %  part  (or  castor  oil  2,  absolute  alcohol 
I,  etc.).  The  pieces  are  then  laid  for  several  hours  in  water,  where 
the  externally  adherent  globules  of  oil  are  mechanically  removed  and 
those  in  the  lymph-canalicular  system  are  precipitated.  l*he  objects  are 
now  treated  with  osmic  acid,  cut  by  means  of  a  freezing  microtome, 
and  corroded.  In  this  case,  the  corrosive  fluid  (eau  de  Javelle;  should 
be  diluted  two  or  three  times. 


RECONSTRUCTION  BY  MEANS  OF  VAX  PLATES. 

It  is  often  impossible  to  obtain  a  clear  conception  of  the  form  of  minute 
anatomic  structures,  nor  of  their  relations,  by  means  of  sections  or  by  the 
methods  of  maceration  and  teasing.  To  obviate  such  difl^cukies  methods  of 
recon.struction  have  been  devised,  by  means  of  which  such  strucltires  may 
be  reproduced  in  an  enlarged  form  without  losing  their  inherent  morpho- 
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aid  of  a  camera  lucida,  or  by  means  of  a  projection  apparatus.  Bardeen 
has  devised  a  drawing  table  which  is  placed  horizontally,  over  which  is 
placed  a  mirror  at  an  angle  of  45  degrees.  The  table  may  be  made  to 
move  by  means  of  a  windlass  toward  or  away  from  the  microscope  so 
that  any  magnification  may  be  quickly  obtained.  An  ordinary  micro- 
scope with  the  tube  placed  horizontally  may  be  used,  the  illumination 
being  obtained  from  an  arc  light.  (For  further  details  see  Bardeen, 
"Johns  Hopkins  Bulletin,"  vol.  xii,  p.  148.)  Sharp  outlines  of  the 
parts  to  be  reconstructed  should  be  made  and  the  drawing  for  each  sec- 
tion labelled  with  reference  to  the  series  of  drawings  and  with  reference 
to  the  number  of  the  section,  as  it  is  often  necessarj'  to  refer  to  the  sec- 
tions while  reconstructing.  After  the  drawings  have  been  completed 
they  are  transferred  to  the  wax  plates,  which  is  conveniently  done  by 
placing  the  drawing  over  the  wax  plate  and  tracing  the  outline  with  a 
blunt-pointed  instrument,  using  some  pressure  while  doing  so.  The  wax 
plates  are  numbered  with  reference  to  the  drawings.  It  is  necessary  to 
maintain  an  equal  ratio  between  the  diameter  of  the  magnification  of  the 
drawing  of  the  sections,  the  thickness  of  the  plates  used  and  the  thickness 
of  the  sections.  Thus,  if  it  is  desired  to  reconstruct  portions  of  a  series 
of  sections  5  /x  in  thickness  and  to  use  wax  plates  2  mm.  thick,  the  draw- 
ings need  to  be  made  at  a  magnification  of  400  diameters. 

Cuttins;  Out  the  Parts  to  be  Reconstructed  and  Completing 
the  Model. — Those  portions  of  the  wax  plates  representing  the  parts  to 
be  reconstructed  as  outlined  by  the  tracings  are  cut  out  with  a  sharp 
knife  with  narrow  blade,  the  wax  plate  being  placed  on  a  glass  plate 
during  this  procedure.  If  the  parts  of  the  sections  to  be  reconstructed 
consist  of  a  number  of  disjointed  pieces,  these  are  retained  in  their  rela- 
tive positions  by  means  of  remaining  bridges  of  wax,  which  should  be 
firm  enough  to  keep  all  parts  in  their  proper  relation.  The  parts  of  each 
wax  plate  representing  the  portions  of  the  section  to  be  reconstructed  are 
piled  up  in  their  proper  sequence  as  they  are  cut  out.  The  completion  of 
the  model  consists  in  accurately  adjusting  the  portions  obtained  from  each 
wax  plate  to  those  which  precede  and  follow  them.  This  process  is 
facilitated  by  building  up  the  model  in  blocks  representing  five  sections, 
as  has  been  suggested  by  Bardeen.  Those  parts  representing  the  portions 
of  the  sections  to  be  reconstructed  are  united  together  by  pins  or  small 
nails  ;  other  parts,  such  as  wax  bridges,  are  removed  by  means  of  a  hot 
knife.  The  successive  blocks  are  then  similarly  united  and  the  model  is 
completed  by  smoothing  over  the  surfaces  by  means  of  a  hot  iron. 


GENERAL  HISTOLOGY. 
I.  THE  CELL 

During  the  latter  part  of  the  seventeenth  century,  Hooke,  Mal- 
pighi,  and  Grew,  making  observations  with  the  simple  and  imperfect 
microscopes  of  their  day,  saw  in  plants  small  compartment-like 
spaces,  surrounded  by  a  distinct  wall  and  filled  with  air  or  a  liquid  ; 
to  these  the  name  cell  was  applied.  These  earlier  observations  were 
extended  in  various  directions  during  the  latter  part  of  the  seven- 
teenth and  the  eighteenth  century.  Little  advance  was  made, 
however,  until  Robert  Brown  (183 1)  directed  attention  to  a  small 
body  found  in  the  cell,  previously  mentioned  by  Fontana,  and 
known  as  the  nucleus.  In  the  nucleus  Valentin  observed  (1836) 
a  small  body  known  as  the  nucleolus.  In  183S  Schleiden  brought 
forward  proof  to  show  that  plants  were  made  up  wholly  of  cells, 
and  especially  emphasized  the  importance  of  the  nuclei  of  cells.  In 
1839  Schwann  originated  the  theory  that  the  animal  body  was 
built  up  of  cells  resembling  those  described  for  plants.  Both 
Schleiden  and  Schwann  defined  a  cell  as  a  small  vesicle,  surrounded 
by  a  firm  membrane  inclosing  a  fluid  in  which  floats  a  nucleus. 
This  conception  of  the  structure  of  the  cell  was  destined,  however, 
to  undergo  important  modification.  In  1846  v.  Mohl  recognized  in 
the  cell  a  semifluid,  granular  substance  which  he  named  protoplasm. 
Other  investigators  (Kolliker  and  BischofT)  observed  animal  cells 
devoid  of  a  distinct  cell  membrane.  Max  Schultze  (1861)  attacked 
vigorously  the  older  conception  of  the  structure  of  cells,  proclaim- 
ing the  identity  of  the  protoplasm  in  all  forms  of  life,  both  plant  and 
animal,  ami  the  cell  was  defined  as  a  nucleated  mass  of  protoplasm 
emlmtu'd  with  the  attributes  of  life.  In  this  sense  the  term  cell  is 
now  used. 

The  .simplest  forms  of  animal  life  are  organisms  consisting  of 
r>iily  (inc  c.vW  {protozoa).  Mvcn  in  the  development  of  the  higher 
animals,  the  first  .st'igc  of  development,  the  fertilized  egg,  is  a  single 
<;i;II.  This  by  reinrated  division  gives  rise  to  a  mass  of  similar  cells, 
whic  h,  owing  to  thfir  likeness  in  shape  and  structure,  are  said  to  be 
uiidiffi-n'ritiiitrd.  As  (leveloj)ment  proceeds,  the  cells  of  this  mass 
arrangr  thrmvlves  into  three  layers,  the  ^enn  layers,  the  outer  one 
of  wlii<  h  is  thr  eiftnlirm,  the  middle  one  the  mesoderm,  and  the  inner 
one  the  entoderm.  In  the  further  development,  the  cells  of  the 
germ  Iay<Ts  <  liauge  tlirir  form,  assume  new  qualities,  adapting 
tlu.iiix-lvi-.  to  |M'r(oiin  (■(•rt.iiii  definite  fiinctions  ;  a  division  of  labor 
oiisucs, — thciills  l»iriinn'  ilirii-renliated.   Cells  having  similar  shape 
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and   similar  function  are  grouped  to  form  tissues,  and  tissues  are 
grouped  to  form  organs. 

We  shall  now  consider  the  structure  of  the  cell.      Evcrj^  cell 
consists  of  a  cell -body  and  a  nucleus. 


A,  THE  C^LL-BODY. 

The  body  of  the  cell  consists  of  a  substance  known  as  proto- 
plasm or   cytoplasm.     This  is    not   a   substance  having   uniform 
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physical  and  chemical  qualities,  Ijut  a  mixture  of  various  organic 
compounds  concerning  which  knowledge  is  not  as  yet  conclusive, 
but  which  in  general  are  proteid  bodies  or  albumins  in  the  widest 
sense. 

In  spite  of  the  manifold  difTerences  in  its  composition,  proto- 
plasm exhibits  certain  general  fundamental  properties  which  are 
always  present  wherever  it  is  found.  Ordinarily,  protoplasm  ex- 
hibits certain  structural  characteristics.  In  it  are  observed  two  con- 
stituents,— threads  or  plates,  which  are  straight  or  winding,  which 
branch,  anastomose;  or  interlace,  and  which  are  generally  arranged  in 
a  regular  framework,  network,  or  reticulum.  These  threads  probably 
consist  of  or  contain  small  particles  arranged  in  rows,  called  cell- 
microsomes  {I'id.  van  Beneden,  S3  \  M.  Heidenhain,  94;  and  others). 
Benda,  who  has  devoted  much  time  to  the  study  of  certfiin  proto- 
plasmic structures,  has  found  in   these  threads  small  granules  or 
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rod-shaped  structures  to  which  he  has  given  the  name  "thread- 
granules"  or  mitochondria.  The  mitochondria  can  be  differentially 
stained  and  are  not  distributed  irregularly  through  the  cell  proto- 
plasm, but  in  certain  definite  regions.  They  are  regarded  as  in  part 
identical  with  the  microsomes.  This  thread-like  substance  is  known 
as  protoplasm  in  the  stricter  sense  (Kupffer,  75);  also  z&  spongio- 
plasm,  or  the  fibrillar  mass  of  Flemming  (82).  The  other  constit- 
uent of  the  cytoplasm  is  a  more  fluid  substance  lying  between  the 
threads  in  the  meshes  of  the  spongioplastic  network,  and  is  known 
as  paraplasm  (Kupffer),  hyaloplasm,  cytolymph,  or  the  interfibrillar 
substance  of  Flemming.  According  to  most  investigators,  the 
more  important  vital  processes  of  the  cell  are  to  be  identified  with 
the  spongioplasm,  and  are  controlled  by  the  nucleus,  while  the  para- 
plasm assumes  an  inferior  or  passive  role.  With  special  methods 
Altman  (94)  was  able  to  demonstrate  granules  in  the  protoplasm, 
associated  with,  but  not  in  the  spongioplastic  threads.  To  these  he 
gave  the  name  bioblasts,  and  referred  the  vital  qualities  of  the  proto- 
plasm to  them.     BiJtschli   believes  the  protoplasm  to  consist  of 
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Fig.  II. — Cylindric  ciliated  cells  from  the  primitive  kidney  of  Petromyzon  planeri; 
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separate,  honeycomb-like  spaces,  which  give  it  a  foam-like  structure 
— foam -structure  of  protoplasm. 

Protoplasm  displays  phenomena  of  motion,  shown  on  the  one 
hand  by  contraction,  and  on  the  other  by  the  formation  of  processes 
that  take  the  form  either  of  blunt  projections  or  lobes,  or  of  long, 
pointed,  and  even  branched  threads  or  processes  known  as  pseudo- 
podia.  The  extension  and  withdrawal  of  the  p.scudopodia  enable  the 
cell  to  change  its  position.  The  point  of  such  a  process  fastens  to 
some  object  and  the  rest  of  the  cell  is  drawn  forward,  thus  giving  the 
cell  a  creeping  motion — wandering  cells.  Certain  cells  take  up  and 
surround  foreign  bodies  by  means  of  their  pseudopodia.  If  these 
bodies  are  suitable  for  nutrition,  they  are  assimilated  ;  if  not,  they 
can,  under  certain  circum.stances,  be  depo.sited  by  the  cell  in  cer- 
tain localities  (Metschnikoff 's  phagocytes).  Similar  thread-like 
processes  which,  however,  can  not  be  drawn  into  the  cell,  occur  in 
some  cells  in  the  shape  of  cilia,  which  are  in  constant  and  energetic 
motion — ciliated  cells.  Certain  cells  possess  only  a  sinj^de  long  pro- 
cess, by  means  of  which  unattached  cells  are  capable  of  direct  or 
rotating  motion — -flagellate  cells,  spermatozoa. 
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Inside  of  the  cell-body  the  protoplasm  also  shows  phenomena  of 
motion,  the  streaming  of  the  protoplasm.  In  plant  cells  there  is 
often  a  noticeable  regularity  in  the  direction  of  the  current.  Men- 
tion sliould  not  be  omitted  of  the  so-called  vtolccular  or  Brcrwnian 
movement  in  the  cells,  which  consists  in  a  rapid  whirling  motion 
of  particles  or  granules  suspended  in  the  protoplasm  (Brown). 

Living  protoplasm  is  irritable  in  the  highest  degree,  and  reacts 
very  strongly  to  chemic  and  physical  agents.  It  is  very  sensitive  to 
changes  in  temperature.  All  the  phenomena  of  life  occur  in  greater 
intensity  and  more  rapidly  in  a  warm  than  in  a  cold  temperature, 
this  fact  being  very  strikingly  shown  by  the  phenomena  of  motion 
in  the  cell,  as  also  in  its  propagation.  By  .subjecting  protoplasm  to 
different  temperatures,  its  various  movements  can  be  slowed  or 
quickened.      It  dies  in  too  high  or  too  low  a  temperature. 

Certain  substances  coming  in  contact  with  the  cell  from  a  given  direc- 
tion have  on  it  an  attracting  or  repelling  action,  lliese  phenomena  are 
known  as  positive  and  negative  chettuitropism  {(hemotaxis).  The  action 
of  cheraic  agents  on  the  diflerent  wandering  cells  of  the  lx>dy  and  on  cer- 
tain free -swimming  unicellular  organisms  naturally  varies  to  a  great 
degree.  Among  these  phenomena  must  be  included  those  produced  by 
water  (hydrotropism)  and  light  (heliotropism).  It  is  very  probable  that 
all  these  phenomena  arc  of  importance  to  the  proper  appreciation  of  some 
of  the  processes  going  on  in  the  vertebrate  body  (as,  for  instance,  in  the 
origin  of  diseases  caused  by  micro-organismsj. 

Protoplasm  may  contain  various  structures.  Of  these,  the 
vaawics  deser\^e  .special  mention.  They  are  more  or  less  sharply 
defined  cavities  filled  with  fluid,  and  var}'  considerably  in  number 
and  size.  The  fluids  that  they  contain  *Mi<:.i  somewhat,  but  are 
always  secreted  by  the  protoplasm,  and  are,  as  a  rule,  finally  emp- 
tied out  of  the  cell.  As  a  consequence,  vacuoles  are  best  studied 
where  the  function  of  the  cell  is  a  secretorj"  one.  Here  tliey  are 
often  large,  and  .sometimes  fill  up  the  whole  cell,  the  contents  of 
which  are  then  emptied  out  {^glandular  ceils). 

Contents  of  a  solid  nature,  such  as  fat,  pigment,  glycogen,  and 
crystals,  arc  peculiar  to  certain  cells.  By  the.se  deposits  the 
ceil  is  more  or  less  changed,  the  greatest  variation  in  form  taking 
place  in  the  production  of  fat.  The  latter,  as  a  rule,  takes  the  shape 
of  a  globule,  and  greatly  modifies  the  position  of  the  normal  con- 
stituents of  the  cell.  Deposits  of  pigment  alter  the  cells  to  a  less 
degree.  This  substance  occurs  in  the  protoplasm  either  in  solution 
or  in  the  form  of  fine  crystalline  bodies.  Glycogen  is  more  gener- 
ally diffu.sed,  occurring  ver}' generally  in  embrj'onal  cells  and  in  the 
liver-  and  cartilage-cells  of  the  adult  Occasionally  we  find  larger 
crystals  in  animal  cells,  as,  for  instance,  in  the  red  blood -corpuscles 
of  the  tcleosts.  So-called  margarin  crystals  sometimes  occur  in 
large  numbers  as  stellate  figures  in  dead  fatty  tissues  kept  at  low 
temperatures. 
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Many  cells  are  without  a  distinct  cell  membrane,  another  con- 
stituent of  the  protoplasm.  In  such  cells  the  outer  layer  of  the 
protoplasm  is  often  more  homogeneous  and  less  dense  than  that 
lying  more  centrally,  which  has  often  a  more  granular  appearance; 
the  outer  layer  of  the  protoplasm  is  in  such  cells  known  as  the 
exoplasm,  in  contradistinction  to  the  more  granular  endoplasm. 

In  other  cells,  however,  the  outer  layer  of  the  cell -protoplasm 
shows  differentiation,  leading  to  the  formation  of  a  distinct  cell-mem- 
brane (as  in  fat-cells,  cartilage-cells,  goblet-cells,  etc.).  F.  E.  Schulze 
has  given  it  the  name  pellicula  in  cases  where  the  entire  cell  is  sur- 
rounded by  a  homogeneous  layer,  and  cuticula  or  cuticle  where 
only  one  side  of  the  cell  is  supplied  with  the  membrane  (as  in  the 
intestinal  epithelium).  It  is  assumed  that  both  spongioplasm  and 
paraplasm  are  concerned  in  the  formation  of  this  membrane. 

In  the  protoplasm  of  many  cells  there  is  found  a  small  body 
known  as  the  centrosome.  This  is  usually  situated  near  the  nucleus 
of  the  cell,  occasionally  in  the  nucleus.  Generally,  it  has  the  appear- 
ance of  a  minute  granule,  sometimes  scarcely  larger  than  a  micro- 
some. It  is  often  surrounded  by  a  small  area  of  a  granular  or  finely 
reticular  or  radially  striated  cytoplasm,  known  as  the  attraction" 
spJtere  or  centrosphcre. 

B.  THE  NUCLEUS. 

The  second  constant  element  of  the  cell  is  the  nucleus.  As  a 
rule,  it  is  sharply  defined,  and  in  its  simplest  form  consists  of  a 
round  vesicle  of  a  complicated  structure  composed  of  several  sub- 
stances. The  form  of  the  nucleus  corresponds  in  general  to  the 
shape  of  the  cell  ;  in  an  elongated  cell,  it  is  correspondingly  long, 
and  flattened  where  the  cell  is  plate-like  in  shape.  The  nucleus  of 
a  wandering  cell  that  is  in  the  act  of  passing  through  a  narrow  inter- 
cellular cleft  adapts  itself  to  the  changes  of  form  in  the  cell  without 
being  permanently  altered  in  shajxj.  In  other  words,  the  nucleus  is 
soft,  and  can  be  easily  distorted  by  any  solid  substances  within  or 
witiiout  the  protoplasm,  only  to  resume  its  original  form  when  the 
pressure  is  removed.  It  pos.sesses,  then,  a  certain  amount  of  elas- 
ticity. .Movements  of  certain  nuclei,  entirely  independent  of  the  sur- 
rounding protoplasm,  have  often  been  observed.  It  is  only  rarely 
that  the  general  form  of  the  nucleus  differs  materially  from  the 
general  form  of  the  cell.  This,  however,  occurs  in  the  nuclei  of 
leucocytes  and  many  of  the  giant  cells  of  bone-marrow,  which 
are  often  irregular,  and  may  even  be  ring-shaped.  In  certain  arth- 
rozoa,  branching  forms  of  nuclei  occur,  as  also  in  the  skin  glands 
of  turtles.  The  proportionate  .size  of  nucleus  to  cell-body  varies 
greatly  in  (liffeiem  cells.  l<!s|)eciall\"  large  nuclei  are  found  in  im- 
mature ova,  in  (  ertain  i'j)itln  Ii;il  cells,  etc. 

The  contents  of  the  nucleus  consist  of  a  framework  or  reticu- 
lum, in  the  meshes  of  which  there  is  found  a  semifluid  substance. 
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In  treatini^  the  nuclei  ultli  certain  stains,  the  nuclear  reticulum  will 
be  seen  to  consist  of  two  constituents,  a  substance  appearing  in 
the  form  of  variously  shaped,  minute  granules,  which  stains  deeply, 
and  is,  therefore,  known  as  chrotuatnt.  This  is  imbedded  in  and 
deposited  on  a  less  stainable  network,  the  liuin.  The  meshes  of  this 
network  are  occupied  by  a  transparent,  semifluid  substance,  which 
does  not  stain  easily,  and  is  known  as  the  achromatic  portion  of  the 
nucleus.  It  is  also  known  as  paralinin,  nuclear  sap.  karyolymph,  or 
nucleoplasm.  Chemically,  chromatin  belongs  to  those  albuminous 
substances  known  as  nuclcins. 

In  well-stained  nuclei  of  considerable  size  the  chromatin  gran- 
ules are  seen  closely  placed  in  a  continuous  row  throughout  the  net- 
work of  linin,  which  penetrates  the  nuclei  in  all  directions.  In 
ever\'  resting  nucleus  one  or  more  small  round  bodies  are  found 
imbedded  in  the  nucleoplasm.  These  are  known  as  true  nuclioii, 
and  df»  not  stain  quite  so  deeply  as  the  chromatin.  The  fact  that 
certain  reagents  dissolve  the  chromatin,  but  not  the  true  nucleoli, 
proves  that  the  substance  of  which  the  latter  are  composed  is  not 
identical  with  chromatin, — and  is,  therefore,  known  as  paranuclcin 
(P.  Schwartz). 

In  many  cases  we  find  in  the  linin,  granules  of  a  substance 
known  as  lantlianin,  which  displays  a  marked  affinit>'  for  the  so- 
called  acid  anilin  stains,  in  contradistinction  to  chromatin,  which 
stains  principally  with  the  basic  anilin  colors.  These  are  known  as 
o.xycbromatin  granules  in  contradistinction  to  the  basichromatin 
granules  of  the  chromatin  (M.  Heidenhain,  94). 

The  true  nucleoli  should  not  be  confused  with  the  slight  swell- 
ings of  the  chromatin  network  found  at  the  junction  of  the  threads, 
and  known  as  net-knots,  or  karyosomes. 

Surrounding  the  resting  nucleus  is  usually  a  nuclear  membrane 
(amphipy renin)  resembling  in  many  respects  chromatin.  As  a  rule, 
it  does  not  form  a  continuous  layer,  but  is  perforated,  having  o|x*n- 
ings  that  contain  nuclear  fluid,  We  have,  then,  both  substances, 
clirnmatin  anil  nuclt-oplasm,  as  dements  of  the  nuclear  membrane. 
Besides  this,  the  nuclear  membrane  receives  an  outer  layer,  differ- 
entiated from  the  protoplasm.  Later  investigations  have  shown 
that  even  during  a  period  of  rest  the  relationship  of  the  nucleus  to 
the  protoplasm  of  the  cell  is  much  more  intimate  than  was  hereto- 
fore believeil  {7'id,  Reinke,  94). 

A  resting  nucleus — i.e.,  one  not  in  process  of  division^ — usually 
consists,  therefore,  of  a  sharply  defined  membrane  (amphipx-reuin). 
which  has  in  its  interior  a  chromatic  (nuclein)  and  an  achromatic 
(linin)  network,  a  nuclear  fluid  (paralinin),  and  nucleoli  (paranuclein). 

The  chromatin  of  the  nucleus  is  not  always  in  the  form  of  a  net- 
work. In  some  cases — as,  for  instance,  in  the  premature  ova  of 
certain  animals  (O.  Hertwig,  95.  II)  and  in  spermatozoa — it  is  col- 
lected in  compact  boilies.  In  the  ova  it  may  often  be  mistaken  for 
a  true  nucleolus  (germinal  spot).  In  this  case,  however,  it  consists 
of  nuclein,  and  not  of  paranuclein. 
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C  NUCLEAR  AND  CELL-DIVISION. 

The  founders  of  the  cell  theory  believed  in  what  may  be  known 
as  a  modification  of  the  theory  of  spontaneous  generation,  stating  that 
cells  might  originate  from  a  structureless  substance  known  as  kyto- 
blastema  or  blastema,  in  which  a  nucleus  was  formed  by  precipita- 
tion. Hcnle(i84i)  drew  attention  to  the  fact  that  cells  might  mul- 
tiply by  the  .separation  of  small  portions  of  the  cell-body,  a  process 
known  as  budding  ;  and  Barry  (1841)  stated  that  during  the  multi- 
plication of  cells  the  nuclei  divided.  The  same  year  Remak 
obscr\'cd  division  of  cells  in  the  blood  of  embryos.  Goodsir  (1845) 
originated  the  theory  that  all  cells  were  developed  from  preexisting 
cells.  'Ihls  was  first  clearly  stated  as  a  general  law  by  Virchow 
(1855;,  and  his  saying,  '*  Omnis cellida  a  cellula^'  is  constantly  being 
verified.  Our  more  accurate  knowledge  of  cell-division  dates,  how- 
ever, from  more  recent  times  (1873-80),  when  Schneider,  Fol,  Stras- 
burger,  Tlemming,  and  many  others  demonstrated  that  during  the 
division  of  the  cell  the  nucleus  passed  through  a  series  of  compli- 
cated changes  which  resulted  in  an  exact  division  of  the  chromatin. 

The  phenomena  which  usher  in  cell-division  are  especially 
noticeable  in  the  nucleus,  the  elements  of  which  are  arranged  and 
transformed  in  a  typic  manner.  During  the  division  of  the  nucleus 
the  nuclear  membrane  is  lost,  and  the  relationship  of  the  substances 
of  the  nucleus  to  the  protoplasm  of  the  cell  is  a  very  intimate  one. 
As  a  consequence,  during  the  middle  phases  of  division  there  is  no 
well -defined  demarcation  between  the  nucleus  and  the  cell-body. 
As  a  rule,  the  mother  cell  and  nucleus  divide  into  two  daughter 
orlls,  each  having  a  nucleus,  alike  in  ever>'  particular.  It  was  early 
obs<:rved,  however,  that  occasionally  cells  divided  by  a  much  sim- 
pler process,  in  which  case  the  nucleus  did  not  pass  through  such 
complicated  changes.  Accordingly,  two  distinct  types  of  cell- 
division  are  recognized,  which  arc  distinguished  as  mitosis,  karyoki- 
in'sis,  or  indirect  ceil -division,  and  aniitosis,  or  direct  ccll-di\'ision. 
Until  \v.u\  to  the  formation  of  two  nuclei,  which  are  known  as 
riaiightcrr  nuclei  as  distinguished  from  the  original  mother  nucleus. 

J.  MITOSIS  OR  KARYOKINESIS  (INDIRECT  CELL-DIVISION). 

Tlnr  description  of  the  process  of  mitotic  cell-division  is  conipli- 
<;at<rd  by  tile  fict  that  structural  changes  are  observed  which  occur 
Himultant-oiisly  in  the  nucleus,  centrosome.  and  c\toplasin.  This 
fa<  t  shotild  br  borne  in  mind,  as,  for  the  sake  of  clearness,  a  .sepa- 
ralf  dr.scription  of  the  changes  involving  each  of  those  structures 
sernis  (itrinantifd.  The  i)rocess  of  mitotic  cell-division  may  be 
dividi-d  into  four  periods  or  phases,  which  follow  one  another  witli- 
out  clearly  defined  limits  : 

The  prophases,  in  which  the  nuclear  membrane  disappears,  the 
chromatin  is  transformcrd  into  definite  threads,  and  the  centrosome 


Figs,  12-21 — Ten  stages  of  roitolic  nuclear  division  froro  the  oral  epithelium  of  ihc 
larva  of  a  salamander,  (Plate  I.  Solnjt(a  and  Hubcr's  *'  Atlas,  and  Kpitmne  of  Ilurimn 
llistolog>',"  1903)  :  I'ig.  12,  (Jell  with  resling  nucleus;  Fig.  13,  cell  wiih  nuclcu>  at  the 
begintiitig  of  mitosis;  Fig.  14,  nuclear  membrane  has  disappeared,  cbromnsonies  in  a 
loo**.' skein,  pole  field  at  the  lefl ;  Fig.  I5,  njonaster  viewed  Iroin  above;  Fig.  it>,  mo- 
naster viewed  fruin  the  side,  achronnuic  spindle  is  alsu  shown  ;  Ptg.  17.  monaster  vicwrd 
from  the  side,  with  chromoMjmes  crowded  closely  abijul  the  equator  of  the  spindle  ;  Fig. 
18,  stage  of  metakinesis ;  Kig,  19,  diaster  wiih  beginning  constriction  of  the  cell-b<MJy  ; 
Fig.  20,  dispirem  with  completion  of  the  cell  division  ;  Fig.  21,  ielopha»e. 

and  centrosphere  undergo  important  changes.     This  is  the  prepar- 
atory- .stage. 

The  mctaphascs,  in  wliich  the  dt\ision  and  tlie  separation  of  the 
chromatin  take  place. 

The  anaphases,  in  which  the  daughter  nuclei  are  formed  and  the 
cell-protoplasm  begins  to  divide. 

The  telophases,  in  which  the  division  of  the  cell  is  completed. 
5 
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Fig.  35.  Fig.  26. 

Figs.  22-26. — Mitotic  cell-division  of  feiljtiic<-l  whitcfish  egg*— CV<fOMf«  fl/iw;. 
Fig.  22,  Cell  with  resting  nucleus,  cenlrosonie,  and  cenlrospherc  to  the  right  t»f  the 
tiucleus;   Fig.    23,  cell   with    two   centrospherei,  with    polar   rays  at  opposite   poles  of 
nucleus;   Ftg.  24,  spircm  ;   Fig.  25,  monaister;   Fig.  26,  metakinesi!»  stage. 


To  give  a  better  understanding  of  the  process  we  have  inserted 
a  series  of  fii,'ures  in  which  several  phases  of  mitotic  division  arc 
portrayed.  In  figures  I  2— 2  I  are  shown  ten  staj^es  of  mitotic  nu- 
clear division  from  the  oral  cpithehum  of  the  hirva  of  a  salamandtr, 
in  which  changes  undergone  by  the  nucleus  and  centrosome  are 
clearly  brought  out.  And.  further,  a  scries  of  figures  (22-29)  show- 
ing the  different  pliases  of  mitotic  cell-division  of  the  fertilized  eggs 
of  the  whitefisli  {Corvgonus  aihus)\  the  changes  involving  the  centro- 
.soine,  centrosphcrc,  and  cytoplasm  arc  illuslrated.  i'lgure  30.  show- 
ing a  small  portion  of  a  section  through  the  testis  of  the  salamander, 
the  object  in  wliich  Memming  first  observed  this  conij>licated  series 
of  changes,  presents  the  appearance  more  generally  seen  during 
mitotic  cell-division  ^f  the  tissue  cells  of  the  higher  vertebrates. 

{a)  Prophases. — The  changes  occurring  in  the  nucleus  will 
be  considered  first.  At  the  beginning  of  the  process  of  mitosis,  the 
chromatin  network,  consisting  of  chromatin  granules,  is  transformed 
into  a  twisted  skein  of  threads,  beginning  at  the  peripher)'  of  the 
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Fig.  If. 


>K 


Fig.  J9. 
Figs  27-29.— Mitotic  cetl-di%nsion  of  fertilized  whitefish  eggs — Coirgonus  atbm. 
Fig.   27,   Metakinesis  stage;   Fig.  28,  diasler;  Fig.  29,  late  stage  of  dispirem,  the 
cell-protopkuu  almost  divided. 


nucleus.  This  skein  of  threads  is  known  as  the  spirem  or  mother 
skt'ift,  and  may  appear  as  a  single  tliread,  which  breaks  up  into  a 
definite  number  of  segments,  or  the  segments  may  appear  as  such 
when  the  skein  is  forming.  At  first  the  threads  are  coarse  and  often 
somewhat  irregular,  staining  much  more  deeply  than  the  linin 
network.  The  separate  segments  of  chromatin  are  known  as 
chroMosomis  (Waldeyer,  ^^).  They  appear,  as  a  rule,  in  the  form 
of  rods  varying  in  length  and  thickness,  and  staining  very  deeply, 
and  often  bent  into  characteristic  U-shaped  loops.  The  bent  portion 
of  each  loop  is  called  its  crown.  "  Every  species  of  plant  or  ani- 
mal has  a  fixed  and  characteristic  number  of  chromosomes,  which 
regularly  recurs  in  the  division  of  all  its  ceils  ;  and  in  all  forms 
arising  by  sexual  reproduction  the  number  is  even"  (Wilson,  96). 
In  man  the  number  of  chromosomes  is  given  as  sixteen  by  Harde- 
leben  (92)  and  Wilson  (96),  and  as  twenty-four  by  Flemming  (98). 
During  the  formation  of  the  spirem  the  nuclear  membrane,  as  a 
rule,  disappears.  The  nucleolus  is  also  lost  sight  of,  although  the 
manner  of  its  disappearance  can  not  be  definitely  stated.  The  net- 
knots  are  no  doubt  taken  up  by  the  chromosomes.     The  chromo- 
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somes  are  now  free  in  the  protoplasm  ;  gradually  the  crown  of  each 
chromosome  approaches  the  ceiiter  of  the  space  occupied  by  the 
nucleus,  and  the  chromosomes  form  a  characteristic,  radially 
arranged  stellate  figure,  known  as  the  monasUr,  in  the  equatorial 
plane  of  the  cell.  During  the  progress  of  the  changes  affecting  the 
chromatin  of  the  nucleus  and  resulting  in  the  formation  of  the 
chromosomes,  importiint  phononiena  are  observed,  connected  partly 
with  the  achromatic  substance  of  the  nucleus,  more  especially  with 
the  centrosome,  centrosphcre.  and  cytoplasm  of  the  cell.  The.se 
phenomena  result  in  the  formatit>n  of  a  complicated  structure  known 
as  the  achromatic  spindle  or  amphiastcr.  Its  development  is  as  fol- 
lows :  The  centrosome  and  centrosphere,  as  has  been  stated,  usu- 
ally lie  in  the  protoj)lasm  to  one  side  of  the  nucleus.  If,  at  the  be- 
ginning of  the  division,  the  centrosome  be  single,  it  divides,  and  the 
two  centrosomes  begin  to  separate,  causing  a  division  of  the  centro- 
sphere. Between  the  centrosomes  are  usually  seen  finely  drawn-out 
connecting  threads.  The  centrosomes,  each  of  which  is  surrounded 
by  a  centrosphere,  now  move  apart,  and  a  structure  known  as  the 
central  spindle,  and  consi.sting  of  fine  threads  arranged  in  the  form 
of  a  spindle,  develops  between  them.  At  each  end  of  the  central 
spindle  is  found  a  centrosome  surrounded  by  a  centrosphere  from 
which  radiate  into  the  cytoplasm  fine  fibers  known  as  polar  rays. 
During  the  formation  of  the  achromatic  spindle  the  nuclear  mem- 
brane disappears  and  the  chromosomes  develop,  as  abo\'c  described. 
Some  fibers,  which  .seem  to  have  their  origin  from  the  centro.sphere, 
grow  into  the  spirem  formed  of  chromosomes,  which  they  apfiear  to 
pull  into  the  equatorial  plane  of  the  cell,  which  is  also  the  equator 
of  the  central  spindle.  Thus,  the  nuclear  figure  above  described 
as  the  monaster  is  formed.  In  other  cases  the  centrosomes 
and  centrospheres  continue  moving  a{)art  until  opposite  each  other 
and  separated  by  the  nucleus  (Figs.  23,  24).  As  the  nuclear 
membrane  disap}>ears  and  the  .spirems  and  chromosomes  arc  form- 
ing, the  central  spindle  develops,  its  fibers  running  from  centro- 
sphere to  centn.isplKre.  The  polar  rays  also  develop  in  the  c\'to- 
plasm  at  the  same  time.  As  the  central  spindle  develops,  the 
chromosomes  arrange  themselves  or  are  arranged  about  its  equator 
— monaster. 

(A)  Metaphases. — lisu.illy.<luring  the  formation  of  the  monaster, 
or  immediatel)'  after  its  formation  (.sometimes  in  the  spirem  stage  or 
even  earher),  the  most  imjjortant  process  of  ccll-divi.sion  takes 
place.  Kach  chromosome  divides  longitudinall)'  into  two  daughter 
chromosomes.  The  loops  first  divide  at  the  crown,  the  cleft  extend- 
ing up  cither  limb  until  the  free  ends  are  reached.  The  smallest 
particle  of  chromatin  divides,  retaining  the  exact  relative  position  in 
the  twin  chromosomes  that  it  possessed  in  the  mother  chromo- 
some. The  daughter  chromosomes  now  wander  over  the  central 
spindle,  liieir  crowns  i>rescnting,  in  opposite  directions  toward  the 
poles  of  the  cell.     This  process  is  known  as  metakimsis.    Two  stcl- 
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late  figures  are  developed  about  the  respective  poles  of  the  central 
spindle.  The  ap^jearance  presented  is  known  as  a  dinster.  Our 
knowledge  of  the  part  taken  by  the  ami)hiaster  or  achromatic 
spindle  in  metakincsis  is  not  abov^e  controversy.  It  would  appear, 
however,  that  certain  cytoplastic  fibers,  which  arise  from  the  cen- 
trosphere  and  hang  over  the  central  spindle  anti  chromosomes, 
designated  as  imvitlc  fibers,  assist  '\x\  drawing  the  daughter  chromo- 
somes toward  the  poles  of  the  central  spindle. 

(r)  Anaphases. — After  the  formation  of  the  diastcr,  the  loops  be- 
longing to  each  stellate  figure  are  joined  together  to  form  a  skein, 
thus  forming  the  disf^irem.  The  chromatin  threads  of  the  two 
skeins  gradually  assume  the  disposition  found  in  the  resting  nucleus. 
This  process   takes  place  in   such  a  way  that  the  threads  of  the 
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Spirrm. 
Fig.  50. — Mitotic  divisioQ  of  cells  ta  testis  of  salamander  (Benda  and  Guenther). 


skeins  (or  the  single  thread)  send  out  lateral  processes.  These 
interlace,  and  little  by  little  reproduce  the  network  of  the  resting 
nucleus  ;  at  the  same  time  the  nuclear  membrane  and  the  nucleolus 
reappear.  In  this  stage  the  changes  that  lead  to  the  division  of  the 
cell-body  are  observ^ed.  In  some  cases  the  division  cff  the  cell-body 
is  ushered  in  by  an  equatorial  differentiation  of  the  connecting 
threads  of  the  central  spindle.  Chains  of  granules,  arranged  in 
double  rows,  are  seen  to  appear  in  this  region.  The  cell  now  begins 
to  contract  at  its  equator,  the  contraction  extending  between  the 
two  chains  of  granules  until  the  cell  is  completely  divided.  At 
this  time,  also,  the  threads  of  the  amphiaster  disappear  or  are  drawn 
into  the  nucleus.  The  ccntrosomcs.  with  cenlrospheres,  again  lie 
by  the  side  of  the  daughter  nuclei. 
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According  to  Ihe  opinion  of  C  Rabl  (85),  there  remains  in  the 
nucleus,  even  after  it  has  fully  returned  to  a  state  of  rest,  a  polar 
arrangement  of  the  chromatin  loops — that  is,  an  arrangement  of  the 
axis  of  the  loops  in  the  direction  of  the  centrosphere.  The  area 
toward  which  the  crowns  of  the  loops  point  is  known  as  the  polar 
field. 

The  equatorial  differentiation  of  the  connecting  threads  of  the 
central  spindle,  above  mentioned,  was  first  observed  in  vegetable 
tissue,  and  is  known  as  the  ccll-platt\  (Fig.  29.)  In  animal  cells  such 
a  plate  is  relatively  rare,  and,  when  seen,  is  found  develoi^ed  in  a 
rudimentary  form  (v.  Kostaiiecki  92,  I). 

{d  )  Telophases  (M.  Heidenhain  94). — In  tliese  phases  of  mitosis 
the  cell  divides  completely.  The  daughter  nuclei  and  centrospheres, 
which  do  not  >'et  occupy  their  norma!  position  in  Uie  daughter  cells, 
show  movements  that  result  in  their  assuming  their  normal  positions. 

From  our  description  it  is  seen  that  the  anaphases  represent  the 
same  stages  as  the  prophases,  only  in  an  inverted  sequence.  In  the 
latter  case,  the  result  is  the  resting  nucleus,  while  the  prophases  lead 
to  the  metaphases. 

The  fertilized  ovum  also  divides  by  indirect  nuclear  division. 
(Figs.  22-29.)  From  it  are  derived,  by  this  process,  the  seg- 
mentation cells,  or  blastomcrcs,  from  which  the  whole  embryo  is 
developed. 

(( )  The  Heterotypic  Form  of  Mitosis. — The  above-described 
t>'pe  of  indirect  or  mitotic  nuclear  division  {homeotypic  mitosis)  is 
the  usual  one.  Variations,  however,  occur,  as,  for  instance,  in  the 
so-called  heterotypic  form  of  division  (Flemming  %'j\  which  occurs 
in  certain  cells  of  the  testes  (spermatocytes).  In  this  form  the  first 
stages  are  lacking,  the  nucleus  possessing  from  the  beginning  a 
skein-like  structure.  The  longitudinal  splitting  and  division  of  the 
chromatin  threads  take  place  during  the  first  spirem  stage,  after  w4iich 
there  is  a  phase  in  which  the  figure  may  be  compared  with  an  aster 
of  ordinary  mitosis,  although  the  free  ends  of  the  threads  in  this 
case  are  seldom  observed.  The  latter  is  due  to  the  fact  that  after 
the  longitudinal  splitting,  the  ends  of  the  chromosomes  remain 
united,  or,  if  entire  separation  occurs,  they  are  again  joined.  In  this 
way  chised  loops  are  formed  extending  from  pole  to  pole.  Later 
the  threads  break  at  the  equator  and  move  toward  the  poles,  again 
dividing  to  form  the  daughter  stars. 


2,  AMITOSIS. 

Very  different  from  the  indirect  form  of  nuclear  division  is  the 
direct  or  amitotic.  It  appears  to  occur  seldom  as  a  normal  process, 
and  is  only  exceptionally  followed  by  a  subsequent  cell-division 
i^ind.  FTemming,  91,  III).  As  a  con.sequence,  this  process,  in  most 
cases,  results  m  the  formation  of  polynuclear  cells  (polynuclear  leu- 
cocytes, giant-cells,  etc.).       The  complicated   nuclear  figures  of 
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indirect  division  are  here  entirely  absent.  The  nucleus  merely  con- 
tracts at  a  certain  point  and  separates  into  two  or  more  fragments 
{direct  fragmentation,  Arnold)  ;  often  tlie  nucleus  first  assumes  an 
annular  form  and  then  breaks  up  into  several  fragments,  which 
remain  loosely  connected  (poiynuclcar  cells).  Ccntrospheres  are 
also  present,  and  appear  to  take  a  prominent  part  in  the  whole  pro- 
cess, although  the  exact  relationship  between  the  achromatin  and 
chromatin  has  not  as  yet  t>een  determined. 

Nemiloff  has  recently  called  attention  to  two  locations  where 
amitotic  divisions  may  readily  be  observ'ed— namely,  in  the  large 
surface  cells  of  transitional  epithelium  of  the  bladder  of  mammals 
and  in  the  lymphoid  tissue  layer  of  the  liver  of  amphibia.  In  the 
cells  of  the  former  type  the  nuclear  division  is  initiated  by  a  division 
of  the  nucleolus  which  is  followed  by  a  division  of  nucleus  and  later 
tlic  protoplasm.  Centrosomes  and  attraction  spheres  were  not 
noticed  \n  these  cells.  The  division  of  the  lymphoid  cells  of  the 
anjphibian  liver  is  initiated  by  a  depression  found  in  one  side  of 
their  spherical  nuclei.  This  depression  deepens  until  the  nuclei  be- 
come perforated  and  assume  an  annular  shape.  These  ring-shaped 
nuclei  then  break  through  in  two  or  more  places  and  two  or  more 
daughter  nuclei  are  formed.  During  the  process  of  divi.sion  a  cen- 
trosome  with  attraction  sphere  ma\'  often  be  observed,  generally 
situated  in  the  depression  which  initiates  the  division  and  later  in 
the  center  of  the  perforated  nucleus.  Its  role  in  the  division  of  the 
nucleus  and  the  cell-body  is,  however,  not  fully  understood. 

D.  PROCESS  OF  FERTEJZATION. 

The  sexual  cells  form  a  special  group  among  cells  in  general. 
Before  the  division  of  the  egg-cell  leading  to  the  development  of 
tht?  embryo  can  take  place,  the  ovum  must  be  impregnated  (the  so- 
called  parthenogenetic  ova  are  an  exception  to  this  rule).  Fertili- 
zation is  produced  by  the  male  sexual  cell,  the  spermatozoon. 

The  process  of  fertihzation  consists  in  a  conjugation  of  two  sex- 
ual cells,  and  in  this  process  certain  peculiarities  in  the  behavior  of 
both  cells  must  be  mentioned. 

The  cell  forming  the  ovum  and  the  one  forming  the  spermato- 
zoon must  pass  through  certain  stages  before  fertilization  can  be 
accomplished.  These  consist  in  the  loss  of  half  their  chromosomes 
by  the  nuclei  of  both  sexual  cells.  In  this  way  are  produced  the 
matured  sexual  cells  (ova  and  spermatozoa),  which  retain  only 
half  of  the  number  of  chromosomes  of  a  somatic  (body-)  cell. 
In  the  conjugation  of  the  male  and  female  sexual  cells  their  nuclei 
unite  to  form  a  single  nucleus,  known  as  the  segmentation  nucleus. 
Consequently,  this  nucleus  contains  the  same  number  of  chromo- 
somes as  does  that  of  a  somatic  cell. 

In  its  earlier  developmental  stages  the  ovum  is  an  indifferent  cell, 
the  nucleus  of  which  is  known  as  the  genninal  vesicle.     As  the 
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Figs.   31-35. — Diagrams  of  the  process  of  fertilization,  after  Boveri. 
Figure  31,  the  ovuro  is  surrounded  by  spennaioxoa,  one  of  which  is  tn  ihe  act  of 
penetration.      Toward  it  the  yolk  is  pushed  forward  iti  a  short,  rounded  process.      Figure 
32,  the  tail  of  the  spermatozoon  lias  disappeared.      Lteside  the  head  is  a  centrosame  with 
poiar  radiation.     Figure  33,  the  pronuclei  approach  each  other. 


ovum  matures  the  germinal  ve.sicic  approaches  the  periphery',  and  a 
peculiar  melamorphosis.  which  may  be  regarded  as  a  double,  un- 
equal division  of  the  e^g-cell.  takes  place.  One  portion,  in  the  case 
of  both  divisions,  is  much  smaller  than  the  other,  and  is  known  as 
a  />o/<ir  body.  At  the  close  of  the.se  divisions,  during  which  the 
chromosomes  have  been  reduced  to  half  the  original  number,  there 
are,  iherefore,  two  polar  bodies  and  the  matured  ovum,  which  is 
now  ready  for  impregnation. 

The  development  of  the  male  sexual  cell  in  its  earlier  stages  is  sim- 
ilar to  that  of  the  ovum.  They  are  derived  from  cells  known  diS  sper- 
matogones. These  divide  into  equal  parts,  forming  the  cells  of  a 
second  generation,  the  spi'nnati>cytt'S.  From  a  further  division  of  the 
spemiatocx'tes,  during  which  division  the  chromosomes  are  reduced 
to  half  tlK'  number,  the  spt'ttnatids  are  produced.  These  latter  are 
then  changed  directly  into  spermatozoa.  The  reduction  division  of 
the  egg-cell  and  that  of  the  spermatocytes  is  in  principle  the  same, 
except  that  in  spermatogenesis  ail  cells  become  matured  sexual  cells 


Fig.  36. 
Figs.  34-36.  —  Diagrams  of  the  process  of  fertilutation,  after  Boveri. 
Figure  j4,  from  the  spirems  in  the  pmiiuclci,  chroinosomes  have  been  formed.     The 
cenirosphere  has  divided.      Figure  35,  ihe  duuble  chromosiomes  of  the  two  pronuclei  lie  in 
the  e»|nalorial  plane  of  the  ovum.      Figure  36^  the   ovum   has   divided.     ChromiDsomes 
from  the  male  and  female  elements  are  seen  in  equal  iiurnbers  in  both  daughter  nuclei. 


(spermatozoa).  In  sht^rt.  there  \s  here  an  absence  of  structures 
analogous  to  the  polar  bodies ^  which  degenerate  after  maturation 
of  the  ovum, 

Tlie  spermatozoa  are  flagellate  cells.  The  head  consists  prin- 
cipally of  nuclear  substance,  to  which  is  added  a  smaller  middle- 
piece  containinj:,',  accordini^  to  the  investigations  of  Kick,  the  centro- 
some.  These  two  portions  of  the  male  sexual  cell,  the  head-  and 
midd]e-]>iece,  are  the  most  important,  and  are  exclusively  con- 
cerned in  fertilization,  the  flagcllum  or  tail  playing  no  part  in  this 
process. 

The  spermatozoon  usually  penetrates  the  ovum  after  the  first 
polar  bod)'  has  been  extruded.  The  tail  di.sapi>ears  during  this 
proces.s,  being  either  left  at  the  [icrfphery  n(  the  egg  or  dissolved  in 
the  protoplasm,  F'rom  this  time  the  head  represents  the  so-called 
ff/(i/i'  pronurh'us,  and  the  middle-piece  the  centrosome.  From  this 
stage  the  male  pronucleus  undergoes  changes,  the  first  of  which 
consists  of  a  loosening  of  the  chromatin.     Chromatin  granules  are 
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formed,  which  later  arrange   themselves  in  the  form  of  chromo- 
somes. 

After  the  second  polar  body  has  been  extruded,  the  chro- 
matin remaining  in  the  ovum  is  transformed  into  the  female  pro- 
nucleus. The  lalter  tlien  approaches  the  male  pronucleus,  the 
membranes  of  both  nuclei  disappearing.  The  chronio.somes  of 
the  two  nuclei  thus  formed  are  of  equal  number,  and  now  come  to 
lie  together.  After  a  longitudinal  division  of  the  chromosunies, 
the  daughter  chromosomes  glide  along  the  filaments  of  the  achro- 
matic spindle,  dev^eloped  from  the  ccntrosomc  of  the  male  [ironu- 
cleus,  toward  its  two  poles,  as  in  ordinary  mitosis.  This  they  do 
in  such  a  manner  that  an  equal  distribution  of  the  male  and  female 
daughter  chromosomes  results.  Then  follow  the  stages  of  the  ana- 
phase. 

From  the  above  description  of  the  process  of  fertilizatinn  it  is 
seen  that  it  consists,  in  the  end,  of  a  union  of  the  nuclei  of  both 
sexual  cells. 

If  paternal  qualities  are  inherited  by  the  offspring,  this  can  only 
take  place  through  the  nucleus,  or  through  the  centrosome  of  the 
male  sexual  cell.  In  other  words,  it  can  be  safely  said  that  tliese 
structures,  or  the  nucleus  alone,  are  the  principal  means  of  trans- 
mitting inherited  qualities.  The  same  may  also  be  said  of  the 
female  pronucleus.  There  is  no  doubt  that  the  first  two  seg- 
mentation cells  of  the  ovum  are  equally  provided  with  male  and 
female  nuclear  elements.  Since  all  future  cells  are  derivatives  of 
these  two,  it  is  possible  that  the  nucleus  of  everj'  somatic  cell 
(body-cell)  is  hermaphroditic. 


E  OWOMATOLYSIS. 

In  the  living  organism  many  cells  are  destroyed  during  the 
various  physiologic  processes  and  replaced  by  new  ones.  On  the 
death  of  a  cell,  changes  take  place  in  its  nucleus  which  result  in  its 
gradual  disappearance.  These  processes,  which  seem  to  follow 
certain  definite  but  as  yet  unfamiliar  laws,  have  been  known  since 
their  study  by  Flemming  (85,  I)  b>'  the  name  of  chromarolysis 
(kar>'oIysis).  The  nuclei  during  the  course  of  these  changes  sliow 
many  varied  pictures. 

TECHNIC. 

In  a  fresh  condition,  cells  do  not  show  much  of  their  internal 
structure.  Epithelial  tells  of  the  oral  cavity,  which  can  easily  be  ob- 
tained and  examined  in  the  saliva,  show  really  nothing  except  the  cell 
outlines  and  the  nuclei.  More,  however,  can  be  seen  in  young  ova  iso- 
lated from  the  Graafian  follicles  of  mammalia  ;  or  the  examination  may  be 
facilitated  l)y  using  the  ovarj-  of  a  young  frog.  Tissues  tliat  are  especially 
adapted  for  the  observation  of  cells  in  a  fresh  condition  are  small  ova, 
blood-corpuscles,  and  epithclia  of  certain  invertebrate  animals  (shellfish, 
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etc.).     Unicellular  organisms  such  as  amebae,  infusoria,  and  many  low 
forms  of  vegetable  life  make  also  good  material  for  this  porjjose. 

Protoplasmic  currents  are  best  seen  in  the  tactile  hairs  of  the  net- 
tle. Should  fresh  animal  cells  be  desired,  amebae  ran  occasionally  l>€ 
found  in  muddy  or  marshy  water.  The  same  phenomena  may  l>e  ob- 
sened  in  the  leucocytes  of  the  frog  or,  better  still,  in  the  blood  of  the 
crab. 

In  order  to  make  a  detailed  study  of  the  minute  relationship 
of  the  different  i.elhilar  structures,  it  is  neccssar}'  to  fix  the  cells  ;  the 
same  is  true  of  nuclear  division  and  cell  proliferalion.  Although  this 
process  has  been  observed  in  living  cells,  it  was  not  until  it  had  been 
thoroughly  worked  out  in  prenerved  {^reparations.  The  liest  results  in  the 
study  of  the  cell  arc  obtained  by  methods  that  will  be  subsetjuenily 
described.     Fresh  tissues  are  absolutely  essential. 

According  to  Hammer,  mitosis  in  man  does  not  cease  immediately 
after  death.  The  nuclei  suffer  chromatolytic  destruction,  and  the  a<  hro- 
matic  spindle  is  the  lasl  element  lo  disiijipear. 

Flemmttig's  solution  here  deserves  first  mention  as  a  fixative.  The 
tissues  are  imbedded,  sectioned,  and  stained  with  safranin.  An  equally 
good  fixative  is  Hermann's  solution,  which  may  be  combined  with  a  sub- 
sequent treatment  with  i)yroligneous  acid.  RabI  f».\es  with  a  0,1-0.12'/ 
solution  of  chlorid  of  platinum,  washes  with  water,  passes  into  gradually 
stronger  alcohols,  then  stains  with  DelafieM's  hemato.vylin,  and  tinally 
examines  the  preparation  in  methyl  alcohol. 

Mitoses  can  also  be  seen  by  fixing  in  corrosive  sublimate, 
picric  acid,  chromic  acid,  etc.,  and  staining  in  bulk  with  hematoxylin 
or  carmin,  although  perhaps  not  so  well  as  by  the  preceding  method. 
The  oljjects  to  be  examined  are  best  when  obtained  from  young  and  grow- 
ing animals,  especially  those  possessing  large  cells.  Above  all  are  to  be 
recommended  the  larvse  of  amphibia,  like  the  frog,  triton,  and  sala- 
mander. If  examination  by  means  of  sections  be  undesirable,  thin 
structures  should  be  procured,  such  as  the  mesentery,  alveoli  of  the  lungs, 
epithelium  of  the  pharynx,  urinary  bladder,  etc.  These  have  the  advan- 
tage of  enabling  one  to  observe  the  whole  cell  instead  of  parts  or  frag- 
ments of  cellular  structures.  In  sections  of  a  larva  that  has  been  fixed  /// 
Mo,  mitotic  figures  can  be  seen  in  almost  all  the  organs,  and  are  particu- 
larly numerous  in  the  epithelium  of  the  epidermis,  gills,  central  canal  of 
the  brain  and  spinal  cord,  etc.  Other  organs,  such  as  the  blood,  liver, 
and  mu.scle,  also  show  mitoses. 

Certain  vegetable  cells  are  peculiarly  adapted  to  the  study  of 
mitosis,  a,s,  for  instance,  those  in  the  ends  of  young  roots  of  the  onion. 
The  onion  should  be  placed  in  a  hyacinth  glass  filled  with  water  and  kept 
in  a  warm  place.  After  two  or  three  days  numbers  of  small  roots  will 
be  found  to  have  develofjed.  Beginning  at  the  points,  pieces  5  milli- 
meters in  length  are  cut,  which  are  treated  in  the  same  manner  as  animal 
tissues.  These  are  then  cut,  either  transversely  or  longitudinally,  into 
ver>'  thin  sections  {  not  over  5  fi  in  thickness).  In  one  plane,  polar  views 
of  the  mitoses  are  obtained:  in  the  other,  lateral  views. 

The  methods  used  for  demonstrating  the  remaining  parts  of  the 
cell  and  its  nucleus  {except  the  chromatin)  are,  as  a  rule,  more  compli- 
cated, and  consequently  less  reliable.  In  order  to  see  the  centrosome, 
the  spindle  fibrils,   the  linin  threads,  and   the  polar  rays,  one  of  the 
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methods  already  described  may  be  used  ;  viz,,  the  treatment  with  pyro- 
ligneous  acid  of  objects  previously  fixed  in  osmic  acid  mixtures. 

Accordin*;^  to  Hermann  (93,  II ),  sections  from  such  preparations 
can  l>e  double-stained  as  well  as  those  that  have  not  been  treated  with 
p>Toligneous  acid.  They  are  accordingly  stained  with  safranin  in  the 
usual  manner,  and  afterward  treated  from  three  to  five  minutes  with 
the  following  solution  of  gentian  violet  :  5  c.c.  of  a  saturated  alco- 
holic solution  of  the  stain  is  dissolved  in  100  c.c.  of  aniMn  water. 
The  latter  is  composed  of  4  c.c.  of  anilin  oil  in  100  c.c.  of  distilled 
water.  This  is  shaken  in  a  test-tube  and  then  filtered  through  a  wet 
filter.  The  sections  are  then  placed  in  a  solution  of  iodin  and  iodid  of 
potassium  (iodin  i  gm,,  iodid  of  potassium  2  gm.,  water  300  c.c.) 
until  they  have  berome  entirely  black,  after  which  they  arc  immersed  in 
alcohol  until  they  receive  a  violet  tinge  with  a  slight  dash  of  brown.  By 
this  means  the  chromatin  network,  the  resting  nuclei,  and  the  chromosomes 
in  both  of  the  spirem  stages  appear  libiish-violel,  while  the  true  nucleoli 
are  jiink.      The  chromosomes  of  the  aster  and  diaster  arc  colored  red. 

Flemming  {91,  III )  reconunends  the  following  method:  P'ixation  by 
his  mixture;  the  specimens  or  thin  sections  are  then  placed  in  safranin 
from  two  to  six  days,  washed  for  a  short  time  in  distilled  water,  and  then 
immersed  in  absolute  alcohol  weakly  acidulated  with  hydrochloric  acid 
( I  :  1000  ),  until  no  more  color  is  given  off.  They  arc  then  washed  again 
with  distilled  water  and  placed  in  a  concentrated  solution  of  anilin -water- 
gentian-violet  from  one  to  three  hours.  After  a  third  rinsing  in  distilled 
water,  they  come  into  a  concentrated  aqueous  solution  of  orange  G,  until 
they  begin  to  assume  a  violet  color.  I'hen  wash  with  absolute  alcohol, 
clear  in  clove  or  bergamot  oil,  and  mount  in  Canada  Iwilsam. 

A  comparatively  simple  method  showing  the  different  structures 
of  the  cell  and  its  nucleus  with  great  clearness  consists  in  staining  with 
Heidenhain's  hematoxylin. 

Solger  (89,  I  and  91)  has  discovered  that  both  chromosomes 
and  jtolar  rays  are  shown  in  an  exquisite  manner  in  the  pigment  ceils  of 
the  skin  (coriumj  of  the  frontal  and  ethmoidal  regions  of  the  common 
pike  (t>/W.  Fig.  37).  The  preliminary  treatment  is  optional,  Flemming's 
solution  or  corrosive  sublimate  being  the  best.  These  cells  illustrate  the 
stability  of  the  radiate  structures  of  protoplasm,  the  polar  rays  showing 
as  parallel  rows  of  pigment  granules. 

The  various  stmctures  of  resting  and  dividing  nuclei  and  cells 
are  of  such  a  complicated  nature  that  they  can  be  observed  only  with 
great  difficulty  in  ordinar)'  objects,  because  of  the  crowding  of  so  many 
elements  into  a  comparatively  small  space.  For  e.xample,  salamandra 
maculosa,  which  has  become  a  classic  histologic  object  through  the 
restart  hcs  of  IHcmnung,  i)Os.sesses  somatic  cells  whose  nuclei  have  no  less 
than  twenty -four  c  hron^osomcs.  ( It  may  here  be  remarked  tliat,  curiously 
enough,  saiamandni  aira  ha^  only  half  this  number. )  Consequently,  van 
Uenedcn's  distovery  (  83  ),  that  the  somatic  cells  of  ascaris  megalocephala 
have  only  four  jirMuary  (  hromosomes,  is  a  fact  of  considerable  import- 
ance, lk)vcri  (87,  I!  and  88)  has  even  found  an  ascaris  showing  only 
two  rhromoMinje**.  As  iht^-  animals  also  show  distinct  achromatic  fig- 
ures in  ihc  protoplasm  of  their  ova  and  sperm  cells,  they  arc  certainly 
worthy  of  being  regarded  as  ty))i(  specimens  for  laboratory  puryjoses. 
The  [Mocesscs  of  <  ell  proliferation  arc  abuost  diagrammatic  in  their  dis- 
lintincHH. 
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After  opening  the  abdominal  wall  of  the  animal,  the  ovisacs  are 
removed,  their  numerous  convolutions  scj>arated  as  much  as  possible, 
and  then  fixed  for  twenty-four  hours  in  a  pi^ric-ac  etic  acid  solution 
(a  concentrated  aqueous  solution  of  picric  acid  diluted  with  2  vols. 
of  water  to  which  i  per  cent,  glacial  acetic  acid  is  added  j.  Then  fol- 
lows washing  for  twenty -four  hours  with  water,  after  which  the  specimen 
is  transferred  to  increasing  strengths  of  alcohol  ( Boveri,  ibid.).  Differ- 
ent regions  of  the  ovisacs  contain  ova  in  various  stages  of  development, 
those  nearest  the  head  containing  cells  ripe  and  ready  for  fecundation, 
while  in  the  more  posterior  regions  are  ova  in  varving  stages  of  segmen- 
tation showing  mitoses.  Specimens  fixed  in  the  manner  above  described 
can  be  stained  with  a  borax -fjanii in  solution.  After  staining,  the  ova  are 
gently  pressed  out  with  needles  upon  a  slide,  separated,  covered  with  a 
cover-glass,  and  cleared  by  gradual  irrigation  with  glycerin.  The  ova, 
especially  the  segmentation  spheres,  are  verj'  small,  and  can  be  examined 
only  under  high  magnification.  In  spite  of  the  minuteness  of  the  ob- 
ject and  the  fact  that  the  yolk  does  not  take  the  stain,  and,  on  account  of 


.Cetitrosphere. 


-Nucleus. 
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Fig.  37. — Pigment  cell  from  ihe  skin  of  ihe  head  of  a  pike  ;   X  650. 


its  high  refractive  index,  distorts  the  picture  to  a  considerable  extent,  the 
mitotic  figures  are  beautifully  distinct. 

Certain  methods  of  treatment  Imngout  in  bolh  cells  and  nuclei 
the  presence  of  peculiar  granules.  The  latter  have  been  especially 
studied  and  described  by  v.  Altmann  ( 94,  2d  ed. ).  I'he  methods  that 
he  ajiplies  are  as  follows :  The  specimens  of  organs  i:^^  recently  killed 
animals  are  fixed  in  a  mixture  consisting  of  equal  volumes  of  a  5'/^ 
aqueous  solution  of  potassium  bichromate  and  2i  2^/0  solution  of  osmic 
acid,  remaining  in  the  mixture  for  twenty-four  hours.  They  are  then 
wa.shed  for  several  hours  in  water  and  treated  with  ascending  strengths 
of  alcohol  ;  viz.,  70,  90,  and  ioo'/{ .  The  specimens  are  now  placed  in 
a  solution  of  3  parts  of  xylol  and   i   part  of  absolute  alcohol,  then  in 
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pure  xylol,  and  finally  in  paraffin.      The  tissue."*  imbedded  in  paraffin 
must  not  be  cut  thicker  than  i  to  2  /i. 

AJimann  nioiinis  according  to  the  following  method :  A  rather  thick 
solution  of  caoutchouc  in  chloroform  (the  so-called  traumaticin  of  the 
Pharmacopeia — i  vol.  guttapercha  dissolved  in  6  vols,  chloroform  )  is 
diluted  before  use  with  25  vols,  of  chloroform  and  the  resulting  mixture 
poured  uiion  a  slide.  The  latter  is  tilted,  and  after  evaporation  of  the 
chloroform,  heated  over  a  gas  flame.  The  f paraffin  sections  are  mounted 
upon  the  slides  so  prej^ared  and  then  fiainted  with  a  solution  of  guncotton 
in  aceton  and  alcohol  (2  gm.  guncotton  dissolved  in  50  c.c.  of  aceton, 
5  c.c.  of  which  is  diluted  with  20  c.c.  of  al>solule  alcohol ).  After  painting 
with  this  solution,  the  se<  tions  are  firmly  pressed  upon  the  slide  with 
tissue  paper,  and  after  drying  are  made  to  adhere  more  clo.sely  by  slight 
warming.  Fixation  to  the  slide  with  water  is  eijually  good.  The  sections 
can  now  l)e  treated  with  various  staining  solutions  without  becoming 
detached  from  the  slides.  The  paraffin  is  gotten  rid  of  l)y  immersing  in 
xylol,  after  which  the  specimens  are  placed  in  absolute  alcohol.  Fuchsin  S, 
can  be  used  as  a  stain  (20  gm.  fuchsin  S.  dissolved  in  100  c.c.  anilin 
water).  A  small  quantity  of  this  solution  is  placed  upon  the  section, 
and  the  slide  warmed  o\cr  a  flame  until  its  lower  surface  becomes  quite 
perceptibly  warm  and  the  staining  solution  begins  to  evaporate.  The 
slide  is  then  allowed  to  cool,  washed  with  picric  acid  (concentrated 
alcoholic  solution  of  picric  acid  diluted  with  2  vols,  of  water ),  after 
which  it  is  covered  with  a  fresh  quantity  of  i»icric  acid,  and  again,  but 
this  time  vigorously,  heated  (one-half  to  one  minute).  Occasionally 
the  same  results  can  be  obtained  by  covering  the  section  for  five  minutes 
with  a  cold  solution  of  picric  acid  of  the  above  strength,  This  last 
l)ro«:edure  has  a  decided  influence  upon  the  granula,  and  gives  rise  to  a 
distinct  differentiation  between  them  and  the  remaining  portions  of  the 
cell,  the  latter  ap]>earing  grayish -yellow,  while  the  granula  them.selves 
appear  bright  red.  In  some  cases  where  the  granula  can  not  be  sharply 
differentiated  from  the  remaining  structures,  it  may  be  necessary  to 
repeat  the  staining  process.  Xylol -Canada  l^alsam  should  not  be  used 
for  mounting,  as  it  has  a  bleaching  effect  upon  the  osmic  acid  in  the 
specimen.  Mount  cither  in  liquid  paraffin  (.\ltmann)or  in  undiluted 
Canada  balsam,  which  is  easily  reduced  to  a  fluid  state,  whenever  needed, 
by  heating. 

There  is  another  method  used  by  Altmann  which  deserves  mention, 
but  practical  application  of  whicii  must  be  improved  upon  in  the  future ; 
this  consists  in  freezing  the  specimens  and  dr)^ing  them  for  a  few  days  in 
the  frozen  condition  in  a  vacuum  over  sulphuric  acid  at  a  icmperature  of 
about  — 30*^  C. 

According  to  Fischer,  dilute  solutions  of  pepton  when  treated  with 
various  reagents  (especially  with  a  pola.s.sium  bichromate-osmium  niix- 
ttire^  tbrm  [jrccipitales  and  granules  which  are  remarkable  in  that  they 
react  to  stains  exactly  as  do  .Altmann's  granula.  It  is,  therefore,  doubt- 
ful whether  Altmann's  granules  should  be  regarded  as  vital  structures. 

.Vltmann  (92)  has  also  devised  a  simpler  negative  method  for 
demonstrating  the  granula.  Fresh  specimens  are  jila*  ed  for  iwenly-four 
hours  in  a  solution  consisting  of  molybdate  of  ammonium  2.5  gm., 
chromic  acid  0.35  gm.,  and  water  loo  c.c.  ;  then  treated  for  several 
days  with  absolute  alcohol,  sectioned  in  paraffin,  and  colored  with  a 
nuclear  slain  such  as  hematoxylin  or  gentian.    The  intergranular  network 
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is  colored,  while  the  graniila  reniain  colorless.  The  amount  of  chromic 
acid  used  (0.25  to  i^r  }  varies  according  to  the  object  treated  ;  if  niolyb- 
date  of  ammonium  alone  be  used,  the  nuclei  will  appear  homogeneous, 
while  i(  an  excess  of  chromic  acid  be  employed,  the  nuclei  will  appear 
coarsely  reticulated.  This  method  leads  to  the  formation  of  graniila  in 
the  cells  as  well  as  in  the  nucleus. 

Biitschli's  Foam-structure. — Fixing  is  done  either  in  picric  acid 
solution  or  in  weakly  iodi/ed  alcohob  The  specimens  are  then  stained 
with  iron -hematoxylin — -/".  r.,  first  treated  with  acetate  of  iron,  rinsed  in 
water ^  and  transferred  to  a  o.^'/c  arjueous  solution  of  hematoxylin  (simi- 
lar to  the  method  of  R.  Heidenhain).  Very  thin  sections  are  re<iuired 
(14  to  1  rO-  Mounting  is  done,  when  the  lighting  is  good,  in  media 
having  low  refractive  indices,  which  emphasize  the  alveolar  or  foam-like 
structure  of  the  protoplasm.  Of  various  animal  olijects,  Biitschli  espe- 
cially recommends  young  ovarian  eggs  of  teleosls,  and  blood -cells  and 
intestinal  epithelium  of  the  frog,  etc.  It  is  still  a  matter  of  uncertainty 
whether  or  not  the  structures  are  actually  present  in  living  protoplasm. 


IL  THE  TISSUES. 

The  first  few  generations  of  cells  which  result  from  the  segmen- 
tation of  the  fertilized  ovum  have  no  pronounced  characteristics. 
They  are  embryonic  cells  of  rounded  form,  and  arc  known  iis  Nas- 
tomeres.  As  they  increase  in  number  they  become  smaller  and  of 
polygonal  shape,  owing  to  the  pressure  to  which  they  are  subjected. 
From  the  mass  of  blastomeres,  known  as  the  morula  viass,  there 
arc  formed,  under  various  processes  described  under  the  name  of 
gastruiation,  two  layers  of  cells,  the  so-called  primary  germ  layers, 
of  which  the  outer  is  the  ectoderm,  the  inner  the  entoderm.  To  the 
primary  germ  layers  is  added  still  a  third  layer,  called  tiie  meso- 
derm; it  is  derived  froin  both  the  ectoderm  and  entoderm,  but 
principally  from  the  latter.  From  these  three  layers  of  cells,  known 
as  the  primary  blastodermic  layers,  are  developed  all  the  tissues,  each 
layer  developing  into  certain  tissues  that  arc  distinct  for  this  layer. 
In  their  further  development  and  differentiation  the  cells  of  the  blas- 
totlermic  layers  undergo  a  change  in  shape  and  structure  character- 
istic for  each  tissue,  and  there  is  developed  an  intercellular  substance 
var>'ing  greatly  in  amount  and  character  in  the  several  tissues.  In 
the  tissues  developed  from  the  ectoderm  anrl  entoderm  the  cellular 
elements  give  character  to  the  tissue,  while  the  intercellular  sub- 
stance is  present  in  small  quantity ;  in  the  majority  of  the  tissues 
developed  from  the  mesoderm,  the  intercellular  substance  is  abun- 
dant, while  the  cellular  elements  form  a  less  conspicuous  portion. 

The  tissues  derived  from  the  ectoderm  are  : 

The  epidermis  of  the  skin,  with  the  epidermal  appendages  and 
glands  ;  the  epithelium  lining  the  mouth,  with  the  salivary  glands 
and  the  enamel  of  the  teeth  ;  the  epithelium  and  glands  of  the  na.sal 
tract  and  the  cavities  opening  into  it ;  the  lens  of  the  eye  and  retina, 
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and  the  epithelium  of  the  membranous  labyrinth  of  the  ear ;  and 
filially,  the  entire  nervous  system,  central  and  peripheral. 

From  the  entoderm : 

The  epithelium  lininj^  tlie  digestive  tract,  and  all  glands  in  con- 
nection with  it,  including  the  liver  and  pancreas  ;  the  epithelium  of 
the  respiratory  tract  antl  its  glands  ;  the  epithelium  of  the  bladder 
and  urethra  (in  the  male,  only  the  prostatic  portion,  the  remainder 
being  of  ectodermal  origin). 

The  cells  of  the  mesoderm  are  early  differentiated  into  three 
groups  (Minot,  99) : 

(a)  Alcsothtlium. — The  mesothelial  cells  retain  the  character  of 
epithelial  cells.  They  form  the  lining  of  the  pleural,  pericardial, 
and  peritoneal  cavities,  and  give  origin  to  the  epithelium  of  the  uro- 
genital organs  (witli  the  exception  of  the  bladder  and  urethra),  and 
striated  and  heart  muscle  tissue. 

(b)  McsenchyiHc,  from  which  are  derived  all  the  fibrous  connective 
tissues,  cartilage,  and  bone,  involuntary  muscle  tissue,  the  spleen, 
lymph-glands,  and  bone-marrow  ;  and  cells  of  an  epithelioid  charac- 
ter, lining  tlie  blood  and  lymph-vessels  and  lymph-spaces,  known 
as  cndothiliai  cells. 

(c)  Mcsatucboid  cells,  comprising  all  red  and  white  blood-cells. 

It  would  be  extremely  difficult  to  attempt  a  classification  of  tis- 
sues according  to  their  histogenesis,  as  identical  tissue  elements  owe 
their  origin  to  different  germinal  layers.  The  classification  adopted 
by  us  is  based  rather  on  the  structure  of  the  tissues  in  their  adult 
stage.^ 

We  distinguish  : 

A.  Epithelial  tissues  with  their  derivatives. 

B.  Connective  tissues  ;  adipose  tissue  ;  supporting  tissues  (car- 
tilage, bone). 

C.  Muscular  tissue. 

D.  Nervous  tissue. 

E.  Blood  and  lymph. 


A*  EPITHEUAL  TISSUES. 

Epithelial  tissues  are  nonvascular,  and  composed  almost  wholly 
of  epithelial  cells,  united  into  continuous  membranes  by  a  sub.stance 
known  as  intercellular  cement.  They  serve  to  protect  exposed 
surfaces,  and  perl'orm  the  functions  of  absorption,  secretion,  and 
excretion. 

The  epithelia  are  developed  from  all  of  the  three  layers  of  the 
blastoderm. 

They  secrete  tiie  cement-substance  found  between  their  contigu- 
ous surfaces.  This  takes  the  form  of  thin  lamellai  between  the  cells, 
gluing  them  firmly  together.  In  certain  regions  the  epithelial  cells 
develop  short  lateral  processes  (prickles),  which  meet  like  structures 


J 


EPITHELIAL   TISSUES. 


8i 


from  neighboring  cells,  thus  forming  intercellular  bridges.  Between 
these  bridges  are  intercellular  spaces  filled  with  lymph-plasma  for 
the  nourishment  of  the  cells.  Epithelia  do  not,  as  a  rule,  possess 
processes  of  any  length.  However,  it  would  appear  that  the  base- 
ment memitranes,  situated  beneath  the  epithelia,  consist  chiefly  of 
processes  from  the  basal  portion  of  the  cells.  Some  authors  ascribe 
to  them  a  connective-tissue  origin,  a  theor>'  which  conflicts  with  the 
fact  that  such  membranes  are  present  in  tlie  embryo  before 
connective  tissue,  as  such,  has  been  developed  {inenibraua  pri)na, 
Hensen,  76). 

The  free  surfaces  of  epithelia  often  support  cutuular  structures 
which  are  to  be  regarded  as  the  products  of  the  cells.  The  cutic- 
ulae  of  neighboring  cells  fuse  to  form  a  cuticular  membrane  or  mar- 
ginal zone  which  can  be  detached  in  pieces  of  considerable  size 
(cuticula).  In  longitudinal  sections  the  cuticula  show,  in  many 
cases,  a  striation  which  would  seem  to  indicate  that  they  are  com- 
posed of  a  large  number  of  rod-like  processes  cemented  together  by 
a  substance  possessing  a  different  refractive  index.  The  eel  I -body  is 
also  striated  for  more  than  half  its  length,  corresponding  to  the  rods 
of  the  marginal  zone.  In  the  region  of  the  nucleus  at  the  basal  por- 
tion the  striation  disappears,  the  cell  here  consisting  of  granular  pro- 
toplasm of  a  more  indifferent  character. 

Since  one  surface  of  each  epithelial  layer  lies  free,  and  is  conse- 
quently exposed  to  other  conditions  than  the  inner  surface,  certain 
differences  are  noticed  between  the  two  ends  of  each  cell.  The 
cells  may  develop  cuticular  structures  as  above  stated.  In  other 
cases  motile  processes  (cilia)  arc  developed  on  their  exposed  surface, 
which  move  in  a  definite  direction  in  the  medium  surrounding 
them,  and  by  means  of  this  motion  sweep  away  foreign  bodies.  It 
is  not  strange  that  the  free  surface  of  the  epithelia,  exposed  as  it  is 
to  stimulation  from  without,  should  develop  special  structures  for 
the  reception  of  sensations  (sense  cells). 

On  the  other  hand,  the  inner  or  basal  surfaces  of  the  cells  usually 
retain  a  more  indifferent  character,  and  serve  for  the  attachment  of 
the  colls  and  the  conveyance  of  ihcir  nourishment.  For  this  reason 
the  nuclei  of  such  cells  arc  usually  situated  near  the  ba.sal  surface. 

From  the  above  it  is  .seen  that  the  two  ends  of  the  epithelial  cell 
undergo  varying  processes  of  differentiation,  the  outer  being  adapted 
more  to  the  animal,  the  inner  more  to  the  vegetative  functions. 
This  diffcrentiatiiui  has  recently  been  known  as  tfie  polarity  of  the 
cell.  This  polarity  appears  to  be  retained  even  when  the  cell  loses 
its  epithehal  character  and  assumes  other  functions  (Rabl,  90). 

With  few  exceptions,  blood-  and  lymph^vessels  do  not  penetrate 
into  the  epithelia,  but  the  latter  arc  richly  supplied  with  nerves. 
The  finer  morphology  of  the  epithelia  will  be  described  in  the  chap- 
ters on  the  different  organs  in  Part  11. 

Epithelia  are  classified  according  to  the  shape  and  relation  of 
the  epithelial  cells. 
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We  give  the  following  classification  : 

1.  Simple  epithclia  (with  or  without  cilia). 

[a)  Squamous  epithelium. 

(d)   Cubic  epithelium. 

(c)   Columnar  epithelium. 

(//)  Pseudostratihed  columnar  epithelium. 

2.  Stratified  epitheha  (with  ur  without  cilia). 

(rt)  Stratified  squamous  epithelium,  with   superficial 

flattened  cells  (withtmt  cilia). 
(/;)  Transitional  epithelium. 
{/)  Stratified   columnar  epithelium,  with  superficial 

columnar  cells  (with  or  without  cilia). 

3.  Glandular  epithelium. 

4.  Neuro-epithelium. 

I.  SIMPLE  EPTTHELJUM. 

In  simple  epithelia  the  cells  lie  in  a  single  continuous  layer. 
Simple  epithelia  are  very  widely  distributed.      They  line  almost 
the  entire  alimentar\'  tract,  the  smaller  respiratory^  passages  and  air 


I"'R-  .^8. — Ijolflicfi  cells  of  squatnou**  ppithe- 
Hum  (surface  celi>>  of  the  stratified  *i^uomous 
epilbelluni  lining  ihe  mouth):  a,/i,(-VlU  i»re>cnt- 
ing  under  .surface;  /',  cell  with  two  nuclei. 


• 
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F'g-  39' — Surface  view  of 
squaniouik  epithelium  from  skin  of  a 
furg ;    >,:  400. 


sacs,  the  majority  of  the  gland  ducts,  the  oviducts  and  uterus,  and  the 
central  canal  of  the  spinal  c<ird  and  ventricles  of  the  brain. 

{(i)  Simple  Squamous  Epithelium. — In  simjile  squamnus  epi- 
thelium the  cells  arc  flattened.  Their  contiguous  surfaces  appear 
regular,  forming,  when  seen  from  above,  a  mosaic.  The  nuclei  lie, 
as  a  rule,  in  the  middle  of  the  cell,  and  if  the  latter  be  very  much 
flattened,  the  f)iisition  of  the  nucleus  is  made  [imminent  by  a  bulg- 
ing of  the  cell  at  this  point.      It  occurs  in  the  aKeoli  of  the  lung. 

(A)  Simple  Cubic  Epithelium. — Epithelial  cells  of  this  type 
differ  from  the  above  only  m  that  they  are  somewhat  higher.  They 
appear  as  short  polygonal  prisms.  Their  outlines  are,  as  a  rule,  not 
irregular,  but  f<»nTi  straight  lines.     Cubic  epithelium  occurs  in  the 
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smaller  and  smallest  bronchioles  of  the  lungs,  in  certain  portions  of 
the  uriniferous  tubules  and  their  collecting  ducts,  in  the  smaller 
ducts  of  salivar)'  and  mucous  glands,  hver,  pancreas,  etc. 

(r)  Simple  Columnar  Epithelium. — In  this  type  the  cells  take 
the  form  of  prisms  or  pyramids  of  varying  length.  Cuticular 
structures  are  especially  well  developed.  Columnar  epithelium 
occurs  in  the  entire  intestinal  tract  from  the  cardiac  end  of  the 
stomach  to  the  anus,  in  certain  portions  of  die  kidney,  etc. 


GoWet  celt. 
Cuticular  border. 


Fig.  40.— Simple  columnar  epitbcUum  from  llie  small  inilestine  of  man  ;  a,  Isolated  cells ; 
^,  surface  view  ;   <r,  longitudinal  section. 

Simple  ciliated  columnar  cpitiichum  is  found  in  the  oviduct  and 
uterus,  central  canal  of  the  spinal  cord,  and  smaller  bronchi. 

(//)  Pseudostratified  Columnar  Epithelium. — This  type  is 
one  in  which  all  the  cells  rest  on  a  basement  membrane,  but  they 
are  so  placed  that  the  nuclei  come  to  lie  in  different  planes.  Thus, 
in  a  longitudinal  section  the  nuclei  are  seen  to  be  placed  in  several 
rows. 

The  development  of  this  type  from  the 
simpler  forms  occurs  when  the  cells  are  too 
crowded  to  retain  their  normal  breadth.  As 
a  result,  they  become  {>yramidal,  alternate 
cells  resting  their  bases  or  apices  on  the  base- 
ment membrane.  As  the  rruclcus  is  usually 
situated  at  the  broader  portion  of  the  cell, 
the  result  is  that  there  are  two  rows  of  nu- 
clei simulating  a  stratifietl  epithelium.  Occa- 
sionally there  are  spindle-shaped  cells  wedged  in  between  the  pyra- 
midal cells,  and  as  the  broad  portion  of  these  cells  is  midway 
between  the  basement  membrane  and  external  surface,  a  third  row 
of  nuclei  is  seen  midway  between  the  other  two.  Such  epithelia 
usually  possess  cilia  (portions  of  the  respiratory  passages). 


Fig.  41. — Diagram 
of  pseudostratified  col- 
unmar  epttbclium. 


2.  STRATIFIED  EPITHELIUM. 
Should  the  increase  of  the  cells  farming  the  last  t>'pe  of  simple 
epitheh'um  proceed   to  such  an  extent  that  all  the  cells  no  longer 
rest  on  the  basement  membrane,  an  epithelium  is  formed  having  dis-^ 
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Fig,  42. — Schemttlic 
diagram  orslraLi6cd  pave- 
ment epillielium. 


tinct  layers  of  cells — a  stratified  epithelium.     It  is  clear  that  all  the 
cells  of  a  stratified  epithelium  can  not  be  equally  well  nourished  by 
the    blood -supply    from    the    vessels    in    the 
highly    vascular    connective    tissue    beneath. 
The  middle  and  outer  la>'ers  of  cells  accord- 
ingly  suffer.      The   deeper   layers   are   much 
better  nourished,  and  as  a  consequence  their 
cells   increase  much  more  rapidly  than  those 
above  ;     they    push    outward,    replacing    the 
superficial    cells    as    fast  as    they  die   or  are 
thrown   olT.     The   proliferation   of  cells  in  a 
stratified  epithelium  occurs,  therefore,  chiefly 
in  its  basal  lasers. 
(a)  Stratified  Squamous   Epithelium. — Stratified   squamous 
epithelium  with  superficial   flattened  cells  forms  the  epidermis  with 
its  continuations  into  the  body,  as,  for  instance,  the  walls  of  the  oral 
cavity  and  the  esophagus,  the  epithelium  of  the  conjunctiva,  the 
vagina,  the  external  auditor)'  canal,  and  the  external  sheath  of  the 
hair  follicles. 

The  cells  of  the  basal  layer  are  here  mostly  cubic-cylindric. 
Then  follow,  according  to  the  situation  of  the  epithelium,  one  or 
more  layers  of  polyhedral  cells,  which  become  gradually  flattened 
toward  the  surface,  the  outer- 
most layers  consisting  of  thin 
plate-like  cells. 

In  stratified  squamous  epi- 
thelia,  where  the  outer  cells  be- 
come homy  (as  in  the  skin),  the 
stratification  is  still  more  special- 
ized. Here  layers  are  inserted 
in  which  tlie  horny  or  chitinous 
substance  is  gradually  formed, 
although  the  cells  do  not  be- 
come chitinous  until  the  super- 
ficial layers  are  reached. 

Especially  characteristic  of 
stratified  si|uamous  epitheh'um  is 
the  arrangement  of  the  connec- 
tive tissue  on  which  this  epithc- 
Hum  rests.  There  are  cone-like 
projections,  known  as  /Ki/*i//<e, 
arising  from  the  connective  ti.ssuc 
beneath  the  epithelium,  project- 
ing into  the  latter  in  such  a  way  that  on  cross-section  the  junction 
of  the  two  tissues  appears  as  a  wave-like  line.  These  papillae  not 
only  serve  to  fasten  the  epithelium  more  firmly  to  the  connective  ti.ssuc 
below,  but  influence  ver>'  favorably  the  nourishment  of  the  former  by 
allowing  a  greater  number  of  its  basal  cells  to  approximate  the  under- 
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^'ig-  43- — Cross -seclion  of  stratified 
f.nu:inii>u&  epitheliutn  from  Uie  csopliagm 
of  itian. 
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lying  blood-capillaries.  The  pyramidal  extensions  of  the  epithelium 
between  the  papilla?  are  designated  inter  pa fdllary  cpitlulial  processes. 
In  re<,n*ons  where  ihe  stratified  squamous  epithelium  consists  of 
many  layers,  the  prickle  cells,  intercellular  bridges,  and  the  inter- 
cellular spaces  are  espixially  well  developed.  These  spaces  facili- 
tate the  passa«:je  of  the  lymph-plasma  to  the  more  superficial  layers 
of  cells, 

(//)  Transitional  Epithelium. — Transitional  epithelium  is  a 
stratified  epithelium  occmrring  \\\  the  pelvis  of  the  kidney,  the  ure- 
ters, bladder,  and  the  posterior  portion  of  the  male  urethra.  It  is 
composed  of  four  to  six  layers  of  cells  and  rests  on  a  connective 
tissue  free  from  papilU-e.  In  sections  the  cells  of  the  dee|>er  layers 
appear  to  be  of  irregularly  columnar,  cubic  or  triangular  shape,   The 
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Fig.  44 — Isolated  transiiionnl  epithe- 
lial cells  from  the  Wadiler  of  mnn  :  it,  p, 
r,  //,  Large  surface  cells,  t  and  r/'  presenting 
the  pitted  uiulersurface  ;  <*,  variously  shaped 
cells  from  the  deeper  layers. 


f'K-  45* — Cross-section  of  transitional 
epithelium  from  ihe  bladder  of  a  young 
child. 


cells  forming  the  superficial  layer  are  large,  somewhat  flattened  cells, 
with  convex  free  surfaces,  often  possessing  two,  sometimes  three, 
nuclei.  They  cover  a  number  of  the  cells  of  the  layer  just  beneath 
them,  their  under  surfaces  being  pitted  to  receive  the  upper  ends  of 
the  deeper  cells.  In  tea.sed  preparations  the  cells  of  the  deeper 
layers  appear  very  irregular,  often  showing  ridges  or  variously 
shaped  processes.     (See  Fig.  44.) 

(r)  Stratified  Columnar  Epithelium. — In  this  tyi>e  the  super- 
ficial layer  consists  of  colunmar  cells,  the  ba.sal  ends  of  which  are 
usually  somewhat  pointed,  or  may  branch.  The  deeper  cells,  which 
maybe  arranged  in  one  or  more  layers,  are  of  irregular,  triangular, 
polyhetlrai.  c»r  spindle  shape.  It  is  found  in  the  larger  gland  ducts, 
olfactory  mucous  membrane,  palpebral  conjunctiva,  portions  of  the 
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male  urethra  and  the  vas  deferens,  and  hi  certain  regions  of  the 
larynx. 

The  ciliated  variety  of  this  epithelium  differs  from  the  foregoing 
in  that  the  superficial  columnar  cells  are  provided  with  cilia.  Strati- 
fied ciliated  columnar  epithelium  is  found  in  the  respirator).^  portion 


k- Cllla. 


I Cell-body. 

i Nucleus. 


Fig.  46.  — ■  .Schematic  dia- 
l^m  of  strattiied  columnar  epi- 
thelium. 


'^'fi-  47* — Ciliated  celts  from  ihc  bronchus  of  ihe 
dog,  the  left  cell  with  iwo  nuclei ;  >,;  600.  Technic 
No.  126. 


of  the  nose,  larynx,  trachea,  and  larger  bronchi,  in  the  Eustachian 
tube,  epididymis,  and  a  portion  of  the  vas  deferens. 

All  epithelial  cells  are  probably  joined  together  by  short  pro- 
cesses forming  intercellular  bridges,  the  lymph  supplying  them  with 
nourishment  circulating  in  the  intercellular  spaces  thus  formed. 
Towartl  the  surface,  these  intercellular  spaces  are  roofed  over,  thus 
preventing  the  escape  of  the  fluid.  When  seen  from  the  surface, 
cpithelia  treated  by  certain  methods  (iron-hcmatoxylin)  show  the 
cells  joined  together  by  very  minute,  clearly  defined  and  continuous 
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Fig.  48. — Cross-section  of  siratiti«cl  ciliated  coluinnar  epithelium  froiu  tlic 
Irnchea  of  a  rahbil. 


cement-lines.  Bonnet  has  called  them  hrmhial  ht/^ts  or  imrs 
(Schlussleisten).  The  function  of  this  structure  would  seem  to 
consist  in  its  power  to  pre\'ent  the  escape  of  lymph  from  the  sur- 
face, and  the  penetration  of  micro-organisms  (M,  Hcidenhain,  92; 
Bonnet,  95). 
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3.  GLANDULAR  EPITHELIUM. 

Glandular  epithelium  is  composed  of  epithelial  cells  differen- 
tiated so  as  to  poijsess  the  power  of  elaborating  certain  compounds 
or  substances  which  are  finally  given  off  from  tiic  cells  in  the  form 
of  secretions,  fhose  substances  which  form  the  essential  constitu- 
ents of  such  secretions  appear  in  tlie  protoplasm  of  the  majority  of 
glandular  cells,  in  die  intervals  of  secretory  activity,  in  the  form  of 
smaller  and  larger  granules  which  may  be  discharged  from  the 
cells  in  granular  form  or  may  be  changed  into  homogeneous,  viscid 
substances  before  leaving  or  on  leaving  the  cells.  Glandular  epi- 
thelium appears  in  the  form  of  isolated  glandular  cells,  scattered 
here  and  there  among  other  epithelial  cells,  in  certain  types  of  epi- 
thelium, or  as  smaller  or  larger  aggregations  of  glandular  cells, 
possessing   definite  and   typical   arrangement  and  associated  with 

Cilia     -,.-„- _ 
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process 


Fig.  49. — ("loblet  ceUa  from  ihc  hroiitrlius  of  a 
dog.  The  middle  cell  still  possesses  its  cilia  ;  ihnt  to 
the  right  has  already  emptied  its  mucous  coiiteols 
(collapsed  goblet  cell)  ;  X  ^oo- 


Fig.  50. — A  taucus-secrel- 
ing  cell  (goblet  cell),  showing 
secretory  gninule.s,  situated  \)€- 
Iwecn  two  epithelial  cells. 
From  the  epitheltum  of  the  large 
intestine  of  man. 


other  tissues — connective  tissue,  blood-  and  lymph-vessels,  nerve 
tissue — to  form  .structures  or  organs  known  as  secreting  glands. 

Unicellular  Glands. — Isolated  glandular  cells,  which  we  may 
know  as  unicellular  giands,  are  frequently  met  with  in  the  epithe- 
lium of  the  intestinal  canal  and  respiratory  organs,  where,  owing  to 
their  shape,  they  are  known  as  goblet  cells,  or,  again,  as  mucus 
secreting  cells,  since  their  secretion  is  mucus.  Such  cells  are  in 
the  ordinary  preparation  distinguished  from  the  neighboring  cells 
by  the  fict  that  their  free  ends  appear  clearer  and  are  more  vesicu- 
lar, while  their  basal  portions,  containing  the  nuclei,  are  narrow 
and  pointed.  Closer  examination  generally  reveals  a  fine  proto- 
plasmic network  in  the  clear  portion  of  the  cell,  the  interspaces  of 
which  are  filled  with  the  iimcus.      (See  Fig.  49.) 

The  secretion  is,  however,  elaborated  in  the  cell-protoplasm  in 
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the  form  of  rather  coarse  granules,  which  may  be  as  large  as  l  ^  /u 
to  2  fi.  These  granules  are  found  in  a  hyaline  substance,  from 
which  they  arc  probably  formed,  which  substance  is  found  in  the 
interspaces  of  a  protoplasmic  network  with  relatively  wide  meshes 
(I^ngle\^).  The  jjranules  as  they  develop  and  enlarge  distend  the 
free  portions  of  the  cells.  They  are  eventually  extriuied  from  the 
cells,  probably  in  tlie  form  of  granules,  as  granules  identical  with 
those  found  tii  the  cells  are  found  in  the  lumina  of  intestinal  glands 
in  well-fixed  material.  After  the  extrusion  of  the  secretion  the 
cell  collapses,  and  may  again  assume  a  secretor>'  function  by  the 
elaboration  of  new  granules.      (See  Fig.  50.) 

Multicellular  glands  originate  by  the  mctamorjihosis  of  a  num- 
ber of  adjacent  cells  into  glandular  cells.  This  is  usually  accom- 
panied by  a  more  or  less 
marked  dipping  down  of 
the  epithelial  layer  into 
the  underlying  connective 
tissue.  The  glandular  cells 
are  generally  arranged  in  a 
single  layer,  and  rest  on  a 
delicate  membrane,  known 
as  the  ba.sement  membrane 
(mcmbrana  propria);  out- 
side of  this  there  is  found 
fibrous  connective  tissue, 
containing  the  terminal 
ramifications  of  capillaries 
and  lymph-spaces  and  of 
nerve-fibers.  The  simplest 
form  of  such  an  invagina- 
tion is  a  cyhndrical  tube  or 
a  small  sac  (known  as  an 
alveolus)  lined  entirely  by 
glandular  cells.  A  further 
differentiation  ma)'  take 
place  in  that  all  the  invaginated  cells  do  not  assume  a  secretory  func- 
tion, those  at  the  upper  portion  of  the  tube  or  sac  forming  the  lining 
membrane  of  an  cxcnfflrv  duct.  The  originall v  uniform  tube  or  sac 
is  thus  differentiated  into  a  fluct  and  a  secretory  portion.  Mtilti- 
<;ellular  glands  may  lie  entirely  within  the  epithelium,  and  are  then 
known  as  intra-epithelial  glands,  in  contrast  to  the  extra-epithelial 
or  ordinary  type,  the  greater  part  of  which  lies  imbedded  in  the 
underlv'Ing  connective  tissue.  ( ilands  of  the  former  tyf)e  have  been 
studied  in  amphibian  larv.x",  and.  according  to  Sigmund  Ma>er, 
occur  also  in  the  epididymis,  conjiuictiva,  etc.,  of  mammals. 

General  Consideration  of  the  Structure  and  Classification 
of  Glands. — Sinct-  glaiulular  tissue  is  composed  almost  wholly  of 
epitliclial  cells,  it  may  not  be  out  of  place  to  consider  at  this  time 


•—    T.  propria. 
F"    Muse,  inucosflf. 

Fig.  51.  — Simple  tubular  ({lands.  Lieb«r- 
kQhn'i)  glamls  \\nm  the  large  inte&line  of  man. 
Sublimate  fixation  ;   >  90. 
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the  classification  of  glands.  The  fuller  consideration  of  these 
structures  will,  however,  be  deferred  to  a  later  time.  In  the  classi- 
fication here  given  we  have  been  guided  by  that  presented  by 
Maziarski,  in  an  observation  on  the  structure  and  classification  of 
glands,  based  on  a  series  of  reconstructions  with  the  Born  wax- 
plate  method  and  comprising  nearly  all  tlie  important  glandular 
structures  of  the  human  body.  In  brief,  it  may  be  stated  that  the 
variation  in  glandular  types  affects  principally  the  secretory  portions 
of  glands,  while  the  excretor\'  ducts  are  more  or  less  uniform. 
Glands  are  classified,  according  to  their  sliape,  into  tubular  and 
alveolar  glands;  each  of  these  types  is  further  divided  into  simple 
and  branched  tubular,  and  simple  and  branched  alveolar  glands. 
In  certain  glands  tubules  and  alveoli  unite  to  form  the  secretory 


p--Excrclor)' 
duel. 


Fig.  52. — Excretory  ducts 
and  iiunina  of  the  secrelory 
portion  of  a  comp<jniMl  lubular 
gland.  Lingual  gland  nf  the 
imbbit.  Chrome-iilver  prepara- 
tion ;  X  215- 


^*S-  S3- — Luminft  of  the  secreting  portion 
of  a  reticulated  tubular  gland ;  from  the  humnn 
liver.     Chrome-silver  preparation  ;  X  *20- 


portion;  such  glands  are  known  as  tubulo -alveolar  glands.     They 
may  also  be  simple  or  branched. 

Tubular  Glands. —  In  a  tubular  gland  the  secreting  portion 
consists  of  .1  Kmgcr  or  shorter  tubule,  which  may  be  relatively 
straight  or  variously  twisted  or  coiled,  one  end  of  which  ends 
blindly  while  the  other  end  opens  on  a  free  surface  or  into  a  duct. 
The  blind  ends  of  the  tubules  of  tubular  glands  often  present  more 
or  less  well-marked  enlargements.  Simple  tubular  glands  consist 
of  a  single  tubule,  which  may  be  lined  throughout  by  secretory 
•epithelium  or  may  be  differentiated  into  a  portion  lined  by  secretory 
epithelium  and  a  portion  lined  by  a  non-secretory  epithelium  form- 
ing a  duct.  An  increase  of  the  secretory  surface  of  tubular  glands 
is  obtained  in  one  of  the  following  ways : 


A 


90 


THE    TISSUES. 


1.  CoUcd  Tubular  Gland. — The  secreting  portion  of  tlie  tubule 
may  be  coiled  up  into  a  compact  mass; 

2.  Simple  Branched  Tubular  Glands. —Scveirvil  tubules,  which 
may  be  either  branched  or  unbranched,  ami  winch  may  vary  greatly 
in  icngtii,  may  unite  in  one  duct,  which  carries  to  the  surface  the 
secretion  of  all  the  tubuies  connected  \\ith  it ; 

3.  Compound  Branched  Tubular  Glands, — Glands  of  this  type 
consist  of  a  varying'  number  of  simple  branched  tubular  glands,  the 
ductii  of  which  unite  to  form  a  common  duct  (Fig.  52); 


^^ 
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Fig.  54. — Schematic  diagram  of  glandular  classification  :  I ,  Simple  tubular  gland ; 
2«  simple  tubular  gland  with  coiled  secreting  portion ;  3,  4,  St  typ^s  of  simple  branched 
tubular  glands ;  6,  compound  branched  tubular  gJand ;  7,  8,  tyjies  of  .simple  branched 
tubulo-alvcolar  gland> ;  9,  simple  alveolar  gland;  10,  II,  types  of  simple  branched  alve- 
olar glands ;  12,  cornpoun<l  branched  alveolar  gland  ;  1 3,  type  of  follicular  gland  ;  I4, 
reticular  gland,  the  shaded  portions  representing  anastomosing  tubules. 


4.  Reticulated  Tubular  Glands. — In  certain  of  the  branched 
tubular  glands  the  secrctin^^  tubules  anastomose  with  each  other, 
forming  a  reticulated jrl^jud  {V'vj;.   53): 

5.  Tubulo-alveolar  Gland. — The  secreting  surface  of  tubular 
glands  may  be  further  increased  by  the  formation  of  small  and 
variously  shaped  protuberances  or  saccules,  known  as  alveoli, 
which  may  be  situated  at  the  end  or  on  the  sides  of  the  tubules^ 
and   are   lined  by  secretory  epithelium   and  empty-  the  secretion 
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formed  in  them  into  the  tubules  with  which  they  are  connected. 
We  have  thus,  in  addition  to  the  several  types  of  tubular  glands 
above  mentioned :  Simple  tubulo-alveolar  glands,  simple  branched 
tubulo-alveolar  glands,  and  compound  branched  tubulo-alveolar 
glands. 

Alveolar  Glands.— *In  the  alveolar  glands  the  secreting  com- 
partments have  the  form  of  variously  shaped  vesicles  or  saccules, 
known  as  alveoli,  lined  by  secretory  epithelium,  which  communi- 
cate with  narrow  tubules  of  varviog  length  and  lined  by  non- 
secretory  epithelium,  which  form  the  ducts.  Alveolar  glands  are 
classified  as: 

1 .  SimpU  alveolar  glands,  consisting  of  a  single  alveolus  which 
communicates  with  the  surface  by  means  of  a  narrow  duct. 

2.  Siin/ilt'  Branched  Alveolar  Glands. — In  this  type  a  varying 
number  of  alveoli  are  united  through  their  respective  ducts  to  a 
larger  duct  which  reaches  the  surface. 

3.  Compound  Branched  Alveolar  Glands. — Glands  of  this  type 
consist  of  a  varying  number  of  simple  branched  alveolar  glands 
united  by  a  common  duct. 

4.  Follicular  Glands. — Glands  of  this  type  may  be  classed  under 
alveolar  glands,  since  they  consist  of  numerous  closed  alveoli  or 
follicles,  of  round,  oval,  or  even  irregular  shape,  which  do  not 
communicate  with  a  duct  system. 

The  main  features  of  this  classification  of  glands  are  portrayed 
in  the  accompanying  diagram  (Fig.  54). 

According  to  the  above  description  multicellular  glands  may 
be  classified  as  follows: 


Tubular  glands. 


Tubulo-alveolar 
glands. 


Alveolar   glands. 


1.  .Simple  tubular  glands:  crypts  of  Lieb«rkiihn,  the  majority  of 

the  sweat  ylands. 

2.  Simple  branched  tubular  glands:  fundus  glands  of    stomach, 

the  majority  of  the  pyloric  glands,  uieriiie  glands. 

j.  ("ompuund  branched  tubular  glands:  kidneys,  testis,  lachry- 
mal glands,  serous  glands  of  mucous  membranes. 

4.  Reticulated  tubular  glands :  Liver  (fully  developed  in  mam* 
mail). 

1.  .Simple  tubulo-alveolar  glands:   certain  of  the  pyloric  glands. 

2.  Simple  branched  tubuk>-alvet>lar  glands ;   Littre'.s  glands,  cer- 

lain  of  the  sweat  glands,  and  modified  sweat  glands 
(circumanal  and  axillary  glands,  teruminous  glands, 
ciliary  gtnjiHs). 

3.  Compound    branched    tubulo-alveolar    glands :    many   mucous 

glands,  Rrunner's  glands,  prostate,  lung. 

1,  Simple  alveolar  glands :    tlie  smallest    itelwceous  glands,  the 

skin  glands  of  amphibia. 

2.  .Simple  branched  alveolar  glands:    sebaceous  glands.   Meibo- 

mian glands. 

3.  Compound    branched    alveolar    glands:     pancreas,    mammary 

gland,  scrnu<>  salivary  glands — m  the  latter,  however,  a 
pi-rlion  of  the  duct  system  ]x>ssesses  secretor)-  function 
I  Maxiarski  j. 

4,  Follicular   glands:   ovary,    hypophysis,    thyroid    (according   to 

Streiff,  certain  of  the  closed  follicles  of  the  thvhikl  Jiave 
a  tubular  form,  others  show  secondary'  alveolar  enlarge 
meats  on  the  primary  follicles). 
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The  secretory  epithelium  of  the  various  t>'pes  of  glands  rests 
upon  a  thin  membrane  (membrana  propria),  which  has,  according  to 
some  authors,  a  connective-tissue  origin,  while,  according  to  others, 
it  is  the  product  of  the  glandular  cells  thetnselves.  In  some  cases 
it  appears  structureless,  in  others  a  cellular  structure  can  be  distm- 
guLshed;  in  tJic  latter  case  tlie  cells  are  flattened,  witli  very  much 
flattened  nuclei,  and  show  irregular  outlines.  Macroscopically, 
compound  glands  present  a  more  or  less  lobular  structure, 
the  separate  lobules  being  held  together  by  connective  tissue. 
In  the  immediate  neighborhood  of  the  gland  and  its  larger  lobes, 
the  connective  tissue  is  thickened  to  form  the  so-called  tunica 
aihujpnta  or  capsule.  In  this  fibrous-tissue  sheath  are  found  numer- 
ous blood-vessels  which  penetrate  between  the  lobes  and  lobules  of 
the  gland  and  form  a  dense  capillar)-  network  about  the  tubules  and 
alveoli  immediately  beneath  the  membrana  propria.  Nerve-fibers 
arc  also  plentiful. 

Remarks  oo  the  Process  of  Secretion. — The  gland-cell 
varies  in  its  microscopic  appearance  according  to  its  functional  con- 
dition. In  the  great  majority  of  the  glandular  epithelial  cells  the 
eHHcntial  constituents  of  tiie  secretion  are  stored  in  the  cell  in 
the  form  of  secretory  granules,  in  others  in  vacuoles  which  are 
filled  with  the  secretion.  The  secretory  process  varies.  In  one 
case  the  cell  remains  intact  throughout  the  process  (salivary  glands) ; 
in  another  a  portion  of  each  cell  is  used  up  in  the  production  of 
the  secretion,  only  the  basal  portion  containing  the  nucleus  being 
preserved.  When  this  occurs,  the  up(>er  part  of  the  cell  is  recon- 
structed from  the  remaining  basal  portion,  and  the  cell  ts  ready  to 
renew  the  process  Cmammary  glands).  In  a  third  t\'pe  the  whole 
cell  is  destroyed,  and  is  replaced  by  an  entirely  new  cell  (sebaceous 
;land5). 

4.  NEURaEPITHELIUM. 

In  certain  of  the  organs  of  special  sense  (inner  ear  and  taste-buds) 
the  cf>ithclial  cells  about  which  the  ner\'es  terminate  undergo  a  high 
degree  of  specialization.  This  differentiation  is  more  apparent  in  tlie 
-outer  jKjrtions  of  these  cells,  resulting  in  the  formatkjn  of  one  orsev- 
\\  stiff,  hair-like  processes,  which  appear  especially  receptive  to 
"stimuli,  Such  cells  are  known  as  ncuro-epitheUa!  cells.  In  the 
epithclia  in  which  they  occur  they  are  surrounded  by  supporting 
or  susUntacular  cells. 


5.  MESOTHELIUM  AND  ENDOTHELIUM. 

The  pleural,  pericardial,  and  peritoneal  cavities  are  lined  by 
a  single  layer  of  tlattmcd  epithelioid  cells  which  develop  from  the 
mcsothelium  lining  the  primitive  body  cavit\'  (cclom).  For  this 
reason,  as  has  been  suggested  by  Minot  (go),  the  term  mcsothelium 
may  with  propriety  be  applied  to  this  layer  in  its  developed  condi- 
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tion.  In  silver  nitrate  preparations,  io  which  the  boundaries  of  these 
cells  are  brought  to  view,  they  appear  as  much  flattened  cells, 
resembhng  those  of  squamous  epithelium,  with  faintly  granular 
protoplasm,  possessing  flattened,  oval,  or  nearly  round  nuclei. 
These  cells  are  of  polyhedral  shape,  and  appear  to  be  united  into 
a  single  layer  by  a  small  amount  of  intercellular  cement  substance. 
The  borders  of  these  cells  may  be  quite  regular  or  slightly  wavy 
(Fig.  55);  more  often  they  are  serrated  (Figs.  56,  57).  According 
to  Kolossow,  who  has  investigated  these  ceils  by  means  of  special 
methods  devised  by  him,  the  mesothclial  cells  are  said  to  be  made 
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f^'K-  55- — Mesothelium  from  peri- 
cardium of  rabbit.  Silver  nitrate  prcpar- 
alioTi,  stained  in  hematoxylin. 


Fig.  56. — Mesothelium    from  mesentery 
of  rabbit. 


V 


'  Nucleus. 
^\.  _  Cell  boundary. 

Jl 


Fig.  57,  —Mesothelium  from  peritonrum  of  frog;    y  400. 


up  of  two  quite  distinct  portions :  a  superficial,  homogeneous  cell- 
plate,  beneath  which  is  found  a  finely  granular  protoplasm  contain- 
ing the  nucleus.  These  two  portions  are  intimately  united  to  form 
a  single  cell.  The  outlines  of  the  superficial  cell -plates  are  figured 
in  the  accompanying  illustrations.  The  protoplasmic  position  of 
one  cell  unites  with  that  of  contiguous  cells  b\'  means  of  proto- 
plasmic branches,  between  which  are  found  intercellular  spaces. 
These  intcrceltolar  spaces  are  here  and  there  indicated  in  silver 
nitrate  preparations,  forming  wlmt  arc  known  as  stigmata  and 
stomata,  which  are  looked  upon  by  certain  writers  as  representing 
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openings  between  the  mesothelials  cells  through  which  fluids  and 
sohd  paiticles  may  pass  into  underlying  lymph  spaces.  They  are, 
however,  now  generally  regarded  as  artifacts. 

Endothelial  cells  are  differentiated  mtsench)  mal  cells.    They  line 
the  blood-  and  lymph-vcsscls  and  lymph-sj>aces  (arachnoidal  and 


Fig.  58.  •— Mesotheliuin  covering  poslcrior  alMloraiiml  wall  r>f  frog.     Stained  wilh  silver 

nilratc  and  hemaioxyliu. 


Fif^.  59. —Endothelial  cells  from  small  arltr)'  Ki{  che  mehciiler)-  of  a  rabbit.     Stained  with 
silver  njtrate  and  hemaloxylin. 

synovial  .spaces,  anterior  chamber  of  the  ejc,  bursac,  and  tendon 
sheaths).  Endothelial  cells  are  in  structure  like  those  of  the  meso- 
thclium.  In  blood-  and  lym|ih -vessels  they  are  of  irregular,  oblong 
shape,  with  serrated  borders.  The  boundaries  of  these  cells  are 
clearly  brought  out  by  silver  nitrate. 


TECHNIC 

Epithelium  may  i>e  examined  in  a  fresh  condition.  The  sim- 
plest method  consists  in  placing  some  saliva  under  a  cover-glass  and 
examining  it  with  a  moderate  power.  In  it  will  be  found  a  number  of 
isolated  s(|uamou.s  cpitheliid  cells,  suspended  in  the  saliva  singly  and  in 
groups.  The  cells  that  are  cornified  still  show  the  nucleus  and  a  small 
granular  area  of  protoplasm. 
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In  order  to  examine  isolated  epithelial  cells  of  organs,  it 
Is  neressar>'  to  treat  the  epithelial  shreds  or  whole  epithelial  layers  with 
the  so-called  isolaling  or  maceration  fluids.  These  are  :  ( i ;  Iodized 
serum;  (2)  very  dilute  osmic  acid  (0.1%  to  0.5%);  (3)  very  weak 
chromic  acid  solution  (about  1:5000  of  T%*ater)  ;  (4  >  0.5%  or  i^t  solution 
of  ammonium  or  jiotassiura  bichromate  ;  and,  above  all,  the  one-third 
alcohol  recommended  by  Ranvier  (28  vols,  absolute  alcohol,  72  vols, 
distilled  water).  The  mixture  recommended  by  Soulier  (91  ),  consist- 
ing of  sulphocyanid  of  potassium  or  ammonium,  and  the  mixture  of 
Ripart  and  Petit  serve  the  same  purpose.  All  these  solutions  are  used  by 
allowing  a  quantity  of  the  isolation  fluid  to  act  upon  a  small  fresh  piece 
of  epithelium  for  from  twelve  to  twenty -four  hours,  according  to  the  tem- 
perature of  the  medium  and  quality  of  the  tissue.  .As  soon  as  the  isola- 
tion fluid  has  done  its  work,  it  is  easy  to  complete  the  isolation  of  the 
cells  by  shaking  the  specimen  or  teasing  it  with  needles.  Separation  of 
the  elements  may  be  accomplished  either  in  the  isolation  solution  iLself  or 
in  a  so-called  indifferent  fluid,  or  in  gum-glycerin.  The  macerated  pre- 
paration may  be  stained  in  a  hematoxylin  or  carniin  solution  before  teas- 
ing and  mounting  in  gum -glycerin. 

The  movement  of  the  cilia  can  be  observed  in  mammalian  tissues 
by  scraping  the  epithelium  trom  the  trachea  with  a  st:alpel  and  examining  it 
in  an  indifferent  fluid.  As  the  ciliated  epithelium  of  mammals  is  very 
delicate  and  sensitive,  specimens  with  a  longer  dumtion  of  ciliar>'  move- 
ment are  more  desirable.  They  can  be  obtained  by  using  the  mucous 
membrane  from  the  i>alate  of  a  frog  (examine  in  normal  salt  solution). 
Particularly  large  epithelial  cells,  as  well  as  very  long  cilia,  are  found  on 
the  gill-plates  of  mussels  or  oysters. 

In  order  to  study  the  relations  of  mesothelial  and  endothe- 
lial cells,  the  silver  method  is  the  most  satisfactory.  The  outlines  of  the 
mesothelial  cells  may  be  clearly  brought  out  by  placing  pieces  of  the  |)eri- 
cardiimi,  central  tendon  of  the  diaphragm,  or  the  mesentery  in  a  o.  75  '/f  to 
i^/r  solution  of  silver  nitrate.  Before  placing  in  this  solution,  they  should 
be  rinsed  in  distilled  water  in  order  to  remove  any  adherent  foreign  t>odies, 
such  as  blood -corpuscles,  etc.  In  this  solution  they  remain  until  opaque, 
which  occurs  in  from  ten  to  fiftaen  minutes.  They  are  then  again  rinsed 
with  distilled  water,  in  which  they  are  exposed  to  sunlight  until  they 
begin  to  assume  a  brownish-red  color.  Once  again  they  are  washed  with 
distilled  water,  and  either  placed  in  glycerin,  in  which  they  may  be 
mounted,  or  dehydrated  and  mounted  in  Canada  balsam,  according  to  the 
usual  methods.  The  margins  of  the  cells  subjected  to  this  treatment  will 
appear  black. 

Endothelial  cells  may  be  demonstrated  after  the  following  method  : 
A  small  mammal  (rat,  tiuinea-pig,  rabbit,  or  cat)  is  narcotized.  Before 
the  heart's  action  is  completely  arrested,  the  thorax  is  opened  and  the 
heart  incised.  As  soon  as  the  blood  stops  flowing,  a  cannula  is  inserted 
and  tied  in  the  thoracic  aorta  a  short  distance  above  the  diaphragm,  and 
50  to  80  c.c,  of  a  r '^  aqueous  solution  of  silver  nitrate  injected  through 
the  cannula.  About  fifteen  minutes  after  the  injection  of  the  silver  nitrate 
solution,  there  is  injected  through  the  same  cannula  100  to  150  c.c.  of  a 
4'^  solution  of  formalin  (fomialin  10  parts,  distilled  water  90  parts), 
'ine  abdominal  cavity  is  then  opened,  loops  of  the  intestine  with  the 
attached  mesenter)'  removed  and  placed  in  a  4'/,  solution  of  formalin,  in 
which  the  tissue  is  exposed  to  the  sunlight.     As  soon  as  the  reduction  of 
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■  :-■  •■  :rj.:e  has  taken  plate,  whi^h  i-.  easily  recognized  by  the  reddish- 

■«■?      lO"  a>s-:iied  liy  the  tis>ues,  the  rnesenten- is  divided  into  small 

.■■''.   =0  * ■•  vi-i:evi  nrst  in  95'// ,  then  in  ab-olute  alcohol,  cleared  in  oil 

«.'.::i:'-.oc.  ^r.ii  mounted  in  l>alsam.     As  a  rule,  the  mesothelial  cells 

^     •  •:^   -  *vr   :»o  sunaces  of  the  mesentery,  and  the  endothelial  cells 

^      X-    Jir:er:es.  veins,  and   capillaries  are  clearly  outlined   by  the 

-...  .  -..■.  -.  ■  '^T  :v.rrate. 

•    .v-»;-^v..  :he  tissue  may  be  further  stained  in  hematoxylin  /'we  have 

^.      H  •  uc  ^  reriuioxylin  solution  ,  or  in  a  (^nnin  solution  after  dehy- 

,.  ?    :z  .   alcohol,  after  which  they  are  dehydrated,  cleared,  and 

A     ■  -.1.    ■•    \i.>a:v..      In  prejjarations  made  after  this  method  the  endo- 

,.    ..     •  -.^  iv  o.'.:!ir.ovl  by  fme  lines  of  dark  brown  or  black  color. 

-»..••    ■•.i:.-  ".Mv  also  l>e  dissolved  in  a  2'/^  to  3  9^  solution  of  nitric 

•^■'  »    jLcx:.  and  various  other  fluids.     Stratified  epithelia  can 

.^     V     ■•    '.vM-.vVl  with  silver  nitrate,  but  only  after  prolonged  immer- 

•v .     »  V  i•\v^>i^^l  to  sunlight  after  sectioning  on  the  freezing 

..■.,  V     '.    .1 'c-  r-irdening  and  imljedding,  followed  by  sectioning. 

V    •-  • :  A    o.'  o:"  the  silver  the  sections  are  dehydrated  and  mounted 

V  v^'v<*«   "^is  devised  the  following  excellent  method  for  demon- 

iiic<x^luldir  bridges  :     Fine  membranes,  or  even  minute  frag- 

'. .  o\>.'.    "XiV.  tissues,  are  i)lacc(i  for  alx)uta  quarter  of  an  hour 

,*>;■•  X  .uid  .  or  in  a  mixture  <  omposed  of  50  c.c.  abso- 

^      ,.  J.  xt.'.leil  water,  2  c.c.  <  on«  entrated  nitric  acid,  and 

>,    .    iv  «'    .iv.vi  then  into  a  10'/  aqueous  solution  of  tannin 

,%.   'i      ..o  .1  developer  consisting  of  the  following  :  water, 

..v.'.'o'.  100  c.c.  :  glycerin,  50  <•.<:.  ;  purified  tannin, 

.  ^'v'    ^    •**  '^^'  0°  P"-      ^"  ^^^  latter  <  ase  they  are  subse- 

"*»  >»-.Mv  solution  of  osmic  a<  id,  wa.shed  with  distilled 

.     0=  s»^v:  into  alcohol. 

^     .,    Ov:t><'.  special  methods  of  fixintr  and  subseijuently 

^         ..    vV.:^">:    these,  and  the  lueihods  of  examining 

.^    .•^v...>^^^l  in  the  chapters  dcvoied  to  the  various 
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•  ».  x's.  llic  intercellular  suhstaiice  i^ives  cbar- 

..•■    '.xs  elements  forniini.;  a  less  conspicuous 

'     .v\^'.»nvd  comlition  sdim-  of  the  members 

c    •■■'up'.no  i^nly  slii^btl)-  altered  from  em- 

.,,  ^       I-  other  members  tliere  are    (i(:\el«»ped, 

»^       ■•v^s.  knt>\vn  as   conmv  tive-tissue  fihers. 

.    .  wHVn-  tissue   and   tlir  1-H)>craiul  denser 

'.■'.sue.      A  more  marked   c<«ndensation 

•  X,-.   sV  ;•*  observed  in  cartilaL;*-;   and  in  Ixme 

v;:\x*  of  ilensity  is  <»l)taine«i  1)V  the  lie- 

\  V  >  ■  ■  the  intercellular  matrix.       In  tlit   ilit'- 

:.v*.:e  the  cellular  elements  are  m«»i|)iiM- 

•>e  '.ole  played  by  the  e«»inKrti\-e   ti>«^nes 

^,v\    i-i  Uri;ciy  passive,  depentiin-  on  their 
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cess. 


Nticleus. 


physical  properties.  Bone  and  cartilage  serve  as  supporting  tissues; 
the  looiser  fibrous  tissues  for  binding  and  holding  the  organs  and 
parts  of  organs  firmly  in  place.  The  denser  fibrous  connective  tis- 
sues come  into  play  where  strcngtli  and  pliability  arc  desired,  as  in 
ligaments,  or  else  are  used  in  the  transmission  of  muscular  force,  as 
in  tendons.  Another  important  characteristic  of  connective  tissue  is 
that  its  various  members  are  capable  of  undergoing  transformation 
into  wholly  different  t>'pes;  bone,  for  instance,  being  developed  from 
fibrous  connective  tissue  and  from  cartilage.  Certain  .structures  are 
represented  by  different  members  of  the  connective-tissue  group  in 
the  different  classes  of  vertebrates.  In  certain  fishes  the  skeleton  is 
cartilaginous,  and  in  certain  birds  the  leg  tendons  are  formed  of 
osseous  tissue,  etc.  The  connective  tissues  receive  their  nutrition 
from  the  lymph.  In  the 
denser  connective  tissues  this 
permeates  the  tissues  through 
clefts  or  spaces  in  the  ground - 
substance,  in  which  the  con- 
nective-tissue cells  are  found 
and  which  are  united  by 
means  of  fine  canals  into  a 
canalicular  system.  In  the 
looser  fibrous  tissues  and  in 
mucous  connective  tissue  the 
system  of  lympii-channels  is 
not  present ;  here  the  lymph 
seems  to  pass  through  the 
grouad-s  u  bstan  ce. 

Certain  connective-tissue 
cells  have  the  function  of 
producing  fat.  In  various 
parts  of  the  body,  masses  of 
fat  tissue  arc  formed  as  a 
protection    tn   various  organs 

and  as  a  reserve  material  upon  which  the  body  can  call  when  ne- 
cessary'. This  type  can  hardl\'  be  considered  a  sejiarate  class  of 
connective  tissues,  as  it  can  be  demonstratetl  that  it  is  merel}  modi- 
fied connective  tissue,  and  can  occur  wherever  the  latter  is  found. 
Filially,  certain  elements  of  the  middle  germinal  layer  are  capable 
of  producing  colored  substances  known  a.s  />i]g-mt»/s.  To  this  class 
belong  the  pigment  cells  and  the  red  blnod-c<:>rpuschs. 

All  the  members  of  this  group  are  developed  from  the  mesen- 
chyme, an  embryonic  tissue  developed  early  in  embryonic  h'fe  from 
the  middle  germ  la>'er  or  mesoderm.  In  its  early  development  the 
mesenchyme  is  probabl)-  composed  of  individual  cells.  As  develop- 
ment advances  the  protoplasm  of  these  colls  increa.ses.  and  is  united 
by  means  of  the  protoplasmic  branches  formed  by  the  ceils  to  form 
a  protoplasmic  complex  known  as  a  syncytium.  The  further 
7 


Fig.    60.  —  Mesefifhymatous    tissue  from   the 
sul>cutis  III*  a  dutk  embryo ;   X  ^SO- 
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devdopment  and  differentiation  of  the  syncytium  has  been  described 
in  full  by  F.  P.  Mall,  whose  account  is  here  followed.  As  soon  as 
the  syncytium  is  formed  its  protoplasni  grows  rapidly,  and  appears 
in  large  bands  with  spaces  between  them,  and  with  relativelv  few 
nuclei.  In  its  further  development  the  protoplasm  of  the  syncv^tium 
differentiates  mto  a  fibrillar  yjart,  which  form.s  the  main  portion  of 
the  syncytium — the  exoplasm — and  a  granular  part  which  surrounds 


.  Hg.  6i. — Schenintic  diaprnm  J^»ivcn  to  show  tlie  development  of  the  different  types 
of  connective  IJ%*ur  Ii.mu  ibc  lllc^CllLhymn  :  u,  Mt>cnchynuil  icIK,  ttrriam  of  which  are 
>rparule,  othcf*  arc  joined  hy  |"ro|oplai.uiK:  branches;  /i,  syncyliuin  with  large  strands  of 
pjTtKopUnni  and  relative  few  nuclei;  <,  reticular  tii>i>ue,— the  dark  fibers  are  elaiitic  libers; 
J,  while  fibrous  tiMUc;  r,  cartilage;  y,  niembranoui  bone. 


tlic  nucleus — the  endoplasm.  The  fibrils  of  the  exoplasm  arc  very 
delicate  and  anastomose  freely.  Probably  in  all  the  members  of  the 
connective-tissue  group,  the  so-called  intercellular  substance — 
fibers,  matrix  of  cartila^'e  and  bone — is  developed  in  or  from  the 
exoplasm,  while  the  cellular  elements  are  differentiated  from  the 
nuclei  and  endoplasms.  The  main  features  of  the  development  of 
the  different  types  of  connective  tissue  is  portrayed,  in  part  schemati- 
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cally,  io  fig.  6l,  combined  from  a  number  of  figures  illustrating  F.  P. 
Mall's  article  dealin^^  with  this  subject. 

The  fibers  of  white  fibrous  tissue  develop  in  the  exoplasm,  while 
the  endoplasm  containing  the  nuclei  rest  on  the  bundles.  In  cartil- 
age the  ground-substance  or  matrix  is  deposited  into  the  exoplasm 
of  the  syncytium,  the  endoplasm  and  nuclei  forming  the  cartilage 
cells.  In  bone,  the  bone  substance  or  matrix  is  developed  from  the 
exoplasm,  either  by  a  transformation  of  it  or  by  a  deposition  in  it, 
while  the  endoplasm  increases  and  the  nuclei  enlarge  to  form  the 
bone-forming  cells,  the  osteoblasts.  The  reticulum  of  reticular  con- 
nective tissue  is  developed  directly  from  the  exoplasm  of  the  syncy- 
tium, while  the  nuclei  and  endoplasm  are  converted  into  cells  which 
rest  upon  the  reticulum  fibrils. 

The  following  kinds  of  connective  tissue  are  recognized:  (i) 
mucous  connective  tissue,  (2)  reticular  connective  tissue,  (3)  fibrous 
connective  tissue,  (4)  adipose  tissue,  (5)  cartilage,  (6)  bone. 


/^^ 


Fig.  6a. — White  fibrils  and  small  bun- 
dles of  white  fibrils  from  teased  preparation 
of  a  fresh  ten4on  from  the  loil  tif  «  laU 


Fig.  62 j, — Elastic  fibers  front  the  liga- 
mentum  nucbar  of  the  ox,  teased  fresh  ; 
>:  500.  At  <t  the  fiber  is  curved  in  a  cliar- 
acterisiic  manner. 


The  fibrous  connective  tissues  are  composed  of  a  ground -sub- 
stance or  matrix  in  which  are  imbedded  the  cellular  elements  and 
two  kinds  of  connective-tissue  fibers,  namely,  while  and  elastic 
fibers.  As  the  character  of  the  fibrous  connective  tissue  depends 
largely  on  the  arrangement  of  the  fibers  and  on  the  relative  propor- 
tion of  the  white  and  elastic  fibers,  these  will  be  con.sidered  prior  to 
a  description  of  the  several  t}'pcs  of  fibrous  connective  tissue. 

Ii7n/i'  F/fiirs.—\\'hhc  fibrous  connective  tissue  consists  of  ex- 
ceedingly fine  homogcncotis  fibrilla[?,  cemented  by  a  small  amount 
of  an  interfibrillar  cement  substance  into  bundles  varying  in  size.  In 
the  bundles  these  fibrillar  have  a  parallel  course,  although  the  bun- 
dles are  often  slightly  wavy.  The  fibrilla.'  of  white  fibrous  connective 
tissue  vary  in  size  from  0.25  to  1  /^,  and  neither  branch  nor  anasto- 
mose. They  become  transparent  and  swollen  when  treated  with 
acetic  acid,  are  not  at  all  or  only  very  slowly  digested  by  pancreatin, 
and  yield  gelatin  on  boiling. 


lOO 
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Elastic  Fibers. — These  are  homogeneous,  highly  refractive,  dis- 
tinctly contoured  fibers,  varying  in  size  from  I  /i  to  6/i,  and  in  some 
animals  are  even  larger.  They  branch  and  anastomose,  and  are  not 
cemented  into  bundles.  When  extended,  they  appear  straight ; 
when  relaxed,  they  show  broad,  bold  curves,  or  are  arranged  in 
the  form  of  a  spiral.  The  broken  ends  of  the  fibers  are  bent  in  the 
form  of  a  hook.  F.  P.  Mall  has  shown  that  elastic  fibers  are  com- 
posed of  two  distinct  substances — an  outer  delicate  sheath  which  does 
not  slain  in  magenta,  and  an  interior  substance  which  is  intensely 
colored  in  this  stain.  The  interior  substance  is  highly  refractive. 
Elastic  fibers  are  not  affected  by  acetic  acid,  but  are  readil)'  digested 
in  pancreatin  and  less  readily  in  pepsin.  They  yield  elastin  on 
boiling. 

L  MUCOUS  CONNECTIVE  TISSUE. 

Mucous  connective  tissue  is  a  purely  embryonal  type,  and 
scarcely  represented  in  the  adult  human  body.  It  consists  of 
branched,  anastomosing  cells  imbedded  in  a  ground-substance  which 
gives  a  reaction  for  mucus  and  contains  a  varying  number  of 
white  fibrous  tissue  fibers  which  are  developeiJ  from  a  syncytial 
protoplasm.  The  latter  as  well  as  the  mucous  matrix  are,  directly 
or  indirectly,  the  products  of  the  cells.  During  the  development 
of  the  embryo  this  tissue  is  found  in  large  quantities  in  the  umbilical 
cord,  and  is  here  known  as  Wharton's  jelly.  Mucous  connective 
sue  is  merely  another  name  for  embr\'onic  connective  and  is  found 
^s  such  wherever  connective  tissue  develops.  In  the  adult  it  occurs 
in  the  posterior  chamber  of  the  eye  as  the  vitreous  humor. 


2.  RETICULAR  CONNECTTVE  TISSUE, 

Reticular  connective  tissue  is  a  fibrous  connective  tissue  in  which 
the  intercellular  substance  has  disappeared.  The  tissue  is  often 
described  as  being  composed  of  anastomosing  branched  cells,  ar- 
ranged in  flie  form  of  a  network  with  open  spaces.  The  obser- 
vations of  Ranvier  and  Bizzozero,  and  iTiore  recently  those  of  Mall, 
have  shown  that  the  framework  of  reticular  tissue  is  composed  of 
very  fine  fibrils  or  bundles  of  fibrils.  These  interlace  in  all  planes 
to  form  a  most  intricate  network,  surrounding  spaces  of  varying  size 
and  shape.  According  to  F.  P.  Mall,  the  fibrils  of  reticular  tissue 
differ  chemically  from  bniii  the  white  and  elastic  fibers,  althougli  their 
composition  has  not  been  fully  determined.  Like  white  fibrous 
tissue,  reticular  tissue  is  not  digested  by  pancreatin,  but,  unlike 
V,  hitc  fibrous  tissue,  it  d<x;s  not  appear  to  yield  gelatin  upon  boiling 
in  water,  but  a  mixture  of  gelatin  and  reticulin,  a  substance  identi- 
fied by  Siegfried. 

The  cells  of  reticular  connective  tissue,  which  arc  flattened  and 
often  variously  branched,  lie  on  the  reticular  network,  being  often 
wrapped  about  the  bundles  of  fibrils.    Unless  the\*  are  removed,  the 
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reticulum  has  the  appearance  of  a  network  composed  of  branched 
and  anastomosing^  cells. 

Reticular  cunnective  tissue  is  found  in  adenoid  tissue  and  lymph- 
glands,  in  the  spleen,  and  in  the  mucous  membrane  of  the  intestinal 
canal,  and  in  these  locations  the  meshes  of  the  reticulum  are  filled  with 
lymph-cells  and  other  cellular  elements,  which,  unless  removed, 
obscure  the  reticulum.  Connective-tissue  fibrils  giving  the  same 
reaction  as  those  found  in  the  adenoid  reticulum  are  found  associ- 


Fig.   63. — Reticular   fibers   from   k  thin   seciion   of  a  lymph  gland,   digested  on   the 
slide  in  pancreatin  and  stained  iq  tron-lac-hcmaloxyiin. 

ated  with  white  and  elastic  fibers  in  the  liver,  kidneys,  in  the  lung, 
and  in  many  other  tissues.      In  bone-marrow  a  reticulum  is  fouV 
in  the  meshes  of  which  are  the  cellular  elements  of  this  tissue. 


3.  FIBROUS  CONNECTIVE  TISSUE, 

Fibrous  connective  tissue  can  be  divided  morphologically  into 
two  groups  :  In  one  the  bundles  of  fibers  cross  and  interlace  in 
all  directions,  forming  a  network  with  meshes  of  varying  size — 
formless  or  areolar  connective  tissue.  In  the  other  t]i^  bundles  of 
fibers  are  parallel  to  each  other,  as  in  tendon  and  many  of  the  apo- 
neuroses and  ligaments,  or  less  regularly  arranged,  yet  very  densely 
woven,  as  in  fascias,  the  dura  mater,  and  the  firm,  fibrous  capsules 
of  some  of  the  organs. 

(rt)  In  areolar  connective  tissue  the  bundles  of  white  fibers, 
which  vary  greatly  in  size  and  which  often  divide  and  anastomose  with 
portions  of  other  branching  bundles,  intercross  and  interlace  in  all 
directions.  If  the  bundles  of  fibers  are  numerous,  the  interlacement  is 
more  compact,  thus  forming  a  dense  areolar  connective  tissue  ;  if  less 
numerous,  the  network  is  more  open,  as  in  loose  areolar  connective 
tissue.  Elastic  fibers  are  always  found  in  areolar  connective  tissue, 
though  in  varying  quantity.  They  anastomose  to  form  a  network 
with  large,  irregular  meshes,  and  run  on  or  between  the  bundles  of 
white  fibers.     The  meshes  between   the  bundles  of  fibers,  and  the 


102 


THE    TISSUES. 


niinute  spaces  between  the  fibrils  in  these  bundles,  are  occupied  by 
a  semifluid,  homogeneous  substance  known  as  the  ground-substance^ 
or  matrix.     The  fibrous  elements  of  areolar  connective  tissue  are, 
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Fig.  64 — Reucuiar  connective  tissue  from  lymph-gland  of  man  ;  X  280.     Brush 

preparation. 

therefore,  imbedded  in  this  ground-substance.  In  dense  are- 
,oIar  connective  tissue  the  fibrous  elements  appear  to  have 
nearly  displaced  the  ground-substance.  In  the  ground -substance 
are  found  irregular,  branched  spaces, — ceil-spacis, — in  which 
lie  the  cellular  elements  of  this  connective  tissue.  These  spaces 
anastomose   by   means   of  their  branches,  thus  forming  part  of  a 

system  of  spaces  and  small  chan- 
nels, known  as  the  iymph  cauai- 
iiuiar  system.  These  spaces  and 
channels  permeate  the  ground- 
substance  in  all  directions,  and 
serve  to  convey  lymph  to  the 
tissue  elements.  The  eel  I -spaces 
and  their  anastomosing  branches 
can  be  demonstrated  by  immers- 
ing areolar  connective  tissue 
(preferably  from  a  young  animal), 
spread  out  in  a  thin  layer,  in  a 
solution  of  silver  mUdXe  [i  fo) 
until  the  tissue  becomes  opaque. 
If  then  the  tissue  is  exposed  to 
sunlight,  the  silver  is  reduced  in  the  ground-substance,  giving  it  a 
brown  color,  while  the  cell-spaces  remain  unstained.  The  ground- 
substance  of  areolar  connective  tissue  contains  mucin. 


Fig.  65. — Areolar  connective  tissue 
from  the  subcutAiicuus  tissue  of  a  rat. 
Ekiitic  fibers  not  shown. 
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The  cellular  elements  of  areolar  connective  tissue,  which,  as 
above   stated,  are  found   in   the   eel  I -spaces,    are   either  fixed  con- 


6^^ 


Fig.  66. — Cell  -  spaces  in  the  ground - 
substance  of  areolar  connective  tissue  (sub- 
cutaneous) of  ck  young  rat.  Stained  in  silver 
nitrate. 


Fig.  6", — Three  connective-rissuc 
cells  from  the  pia  materof  a  dog.  Stained 
in  melhyleneblue  [intra  vitam). 


nectn>e- tissue  cells  or  wandering  or  migratory  cells.  The  former 
are  again  divided,  according  to  their  shape  and  structure,  into 
true  connective-ti.ssue  cells  or  corpuscles,  plasma  cells,  mast-cells, 
and  pigment-cells. 

'T\\Q:  connective-tissue  cells  or  corpuscles  are  flattened,  variously 
shaped  cells  of  irregular  form,  usually  having  many  branches.  The 
protoplasm  is  free  from  granules  ;  the  nucleus,  situated  in  the  thicker 
portion  of  the  cell-body  and  of  uval  shape,  shows  a  nuclear  net- 
work and  one  or  several  nucleoli.      The  cells  assume  the  shape  of 
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Fig.  68.  — Two  pigment  celb  fouod  on  the  capsule  of  a  sympathetic  ganglion  of  a  frog. 


the  space  that  they  occupy  and  nearly  fill.  The  branches  of  neigh- 
boring cells  often  anastomose  through  the  fine  channels  uniting  the 
cell-spaces. 
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Plasma  cells  (Unna)  vary  in  size  and  shape  according  to  the 
space  which  they  occupy.  They  may  be  round,  oval,  or  spindle- 
shaped,  and  measure  from  6  a*  to  lo  /i.  The  nucleus  is  round  or 
oval.  They  are  cliaracterized  by  the  fact  that  their  protoplasm 
stains  intensely  in  basic  aniline  dyes,  often  of  a  color  differing  from 

that  of  the  solution  used.  Accord- 
ingr  to  some  observers,  the  plasma 
cells  are  thought  to  be  developed 
from  the  connective  cells,  while 
others  regard  them  as  derived  from 
the  white  blood-cells  (lympho- 
cytes). They  are  found  in  various 
mucous  membranes  and  in  lymph- 
oid tissues  crenerally. 

Mast-celts  (Ehrlich)  are  rela- 
tively large  cells  of  round,  oval,  or 
irregular  shape,  the  protoplasm  of 
which  contains  relatively  large 
granules  which  stain  chiefly  in 
basic  aniline  dyes,  which  granules 
are  often  found  in  such  numbers 
that  they  cover  up  the  nucleus. 
The  granules  are  stained  by  a 
number  of  basic  aniline  dyes,  often 
of  a  color  differing  from  that  of 
the  stain  used.  They  are  found  generally  in  mucous  membranes, 
generally  near  the  vessels,  in  the  skins,  in  involuntary  muscle,  and 
in  the  bone-marrow. 

FHgment  cells  are  branched  connective-tissue  cells,  in  the  proto- 
plasm of  which  arc  found  brown  or  nearly  black  granules.  In  man 
they  occur  in  the  choroid  and  iris  and  in  the  dermis.  In  the  lower 
animals  ihcy  have,  however,  a  much  wider  distribution,  and  in  the 
frog  and  tjtlicr  amphibia  they  arc  very  large  ant!  irregular.  These 
cells  have  the  power  of  withdrawing  their  processes  and,  to  a  limited 
degree,  of  changing  their  location  (dermis). 

The  watuicring  or  migratory  cells  are  described  in  tins  connec- 
tion not  bccau.se  they  form  one  of  the  structural  elements  of  areolar 
ci^nnective  ti.ssue,  but  because  they  are  always  a.s.sociatcd  with  it. 
They  are  lymph-  or  white  blood-cells,  which  have  left  the  lymph- or 
blood-vessels  and  have  migrated  into  the  lymph  canalicular  system. 
They  possess  ameboid  movement,  and  wander  from  place  to  place, 
and  are  the  phagocytes  of  McLschnikoff,  They  seem  to  be  intrusted 
with  the  removal  of  substances  either  superfluous  or  detrimental  to 
the  body  (as  bacteria).  These  are  either  digested  or  rendered  harm- 
less. The  wandering  cells  even  transport  substances  thus  taken  up 
to  some  other  regi(»n  of  the  body,  where  they  are  deposited. 

In  the  peritoneum  and  (»ther  serous  membranes  the  network 
formed  by  the  fibrous  tissue  lies  in  one  plane,  and  does  not  branch 


Fig.  69. — Leucocyte  of  a  frog  wiih 
ptseurloixxiift.  Tlhc  cell  has  included  a 
baclerium  which  is  in  process  of  diges- 
tion, (Afler  Metschnikoff,  from  O. 
Hertwig.  93,  II.) 
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and  intercross  in  a!l  directions,  as  where  areolar  tissue  is  found  in 
larger  quantity.     (FIk'-  /O) 

(d)  Tendons,  aponeuroses,  and  ligaments  represent  the  densest 
variety  of  fibrous  connective  tissue,  and  are  composed  almost 
wholly  of  white  fibrous  tissue.  This  is  found  in  the  form  of  rela- 
tively large  bundles  of  white  fibrils,  having  a  parallel  or  nearly 
parallel  course.  In  tendons  these  bundles  are  known  as  primary 
tcndoH  bundles  or  tendon  fasciculi.     The  fibrils  of  white  fibrous  con- 


Pibrili. 


Nucleus. 


Fig.   70. — .Fibrous  conoective  tissue  (areolar)   from  ilie  great  omentum  of  the  rabbit; 

y40O. 

nective  tissue  forming  the  fasciculi  are  cemented  together  by  an  in- 
terfibrillar  cement  substance.  Here  and  tliere  the  fasciculi  branch 
at  very  acute  angles  and  anastomose  with  other  fasciculi.  The  fas- 
ciculi are  grouped  into  larger  or  smaller  bundles,  the  secondary 
tendon  bundles,  which  are  surrounded  by  a  thin  layer  of  areolar  con- 
nective tissue,  and  in  part  covered  by  endothelial  cells.  Ik-tween 
the  tendon  fasciculi  there  is  found  a  ground-substance,  intcrfascicu' 
lar  ground-substance,  identical  with  the  ground-substance  in  areolar 
connective  tissue.  In  this  there  arc  cell-spaces  occupied  by  the 
tendon  cells,  morphologically  similar  to  the  branched  cells  of  areolar 
connective  tissue.  The  tendon  cells  are  arranged  in  rows  Ixrtwecn  the 
tendon  fasciculi.  They  have  an  irregular,  oblong  body,  containing 
a  nearly  round  or  oval  nucleus.  Two,  three,  or  even  more  wing- 
like processes  (lamella)  come  from  the  cell-body  and  pass  between 
the  tendon  fasciculi.  In  cross-section  the  tendon  cells  have  a 
stellate  shape. 

The  secondary  tendon  bundles  are  grouped  to  form  the  tendon, 
and  the  whole  is  surrctunded  and  held  together  by  a  layer  of  areolar 
connective  tissue,  called  the  peritendineum.  From  this,  septa  pass  in 
between  the  secondary  tendon  bundles,  forming  the  internal  peri- 
tendineum. The  blood-  and  lymph-vessels  and  the  nerxe-fibers 
reach  the  interior  of  the  tendon  through  the  external  and  internal 
peritendineum. 
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The  Structure  of  an  aponeurosis  and  a  ligament  is  like  that  of  a 
tendon. 

The  structure  of  a  fascia,  the  dura  mater,  and  tlic  more  fully 
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Fig.  71.— IxNigitudinal  section  of  tendon  ; 
X270- 


^M 


-  Tendon 
fasciculus. 


Fig.    72 — Cr-i-ss-section    of   seconHary 
tendon  bundle  imm  tail  of  a  rat 


developed  gland  capsules,  differs  from  that  of  the  formed  connective 
tissues  above  described,  in  that  the  fasciculi  are  not  so  regularly 
arranged,  but  branch  and  anastomose  and  intercross  in  several 
planes. 

((t)  Elastic  Fibrous  Tissue. — In  certain  connective  tissues  the 
elastic  fibers  prcdoiiunatc  greatly  over  the  fibers  uf  white  fibrous 
conncclivc  lissue.  These  are  s{joken  of  as  elastic  fibrous  tissues  and 
their  structural  peculiarities  warrant  the  making  of  a  special  sub- 
group. 

The  ligatnentum  nuchac  of  the  ox  consists  almo.st  exclu- 
sively of  elastic  fibers,  nian\-  of  which  attain  a  size  of  about  lo/i. 
The  elastic  fibers  branch  and  anastomose,  retaining,  however,  a 
generally  parallel  course.  They  are  separated  by  a  small  amount  of 
areolar  connective  tissue.*in  which  a  connective-tissue  cell  is  here 
and  tluTf  found,  and  are  grouped  into  bundles  surrounded  by  thin 
layers  nf  areolar  connective  tissue  ;  the  whole  ligament  receives  an 
invc.Htment  (»f  this  tissue.  In  cross-sections  of  the  ligamcntuni 
nucha:,  the  larger  elastic  fibers  liave  an  angular  outline  ;  the  smaller 
ones  are  more  regularly  round  or  o\ral.  (Fig.  74.)  In  man  the 
ligamenla  subOava,  between  the  lamina:  of  adjacent  vertebra:,  are 
elastic  ligaments. 

In  rcrtain  structures  (arteries  and  veins),  the  elastic  tissue  is 
ariaiiged  111  the  form  of  membranes.      It  is   generally  stated  that 
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such  membranes  arc  composed  of  flat,  ribbon-like  fibers  or  bands  of 
elastic  tissue  arranged  in  the  form  of  a  network,  with  larger  or  smaller 
openings  ;  thus  the  term  fenestrated  membranes.  F.  P.  Mall  has 
reached  the  conclusion  that  such  membranes  are  composed  of  three 
layers — an  upi>er  and  a  lower  thin  transparent  layer  in  which  no 
openings  are  found  and  which  are  identical  with  the  sheaths  of 
elastic  fibers  described  by  this  observer,  and  a  central  layer,  contain- 
ing openings,  and  staining  deeply  in  magenta.  This  substance  is 
identical  with  the  central  substance  of  elastic  fibers. 


Areolar  con- 
Mcctivc  lis- 
siie. 

Nucleus  of  con- 
nective-tissue 
celt. 


Pig'  73- — Tendnn  cells  from  ihe 
tail  of  a  rat.  Stained  in  methylene- 
blue  {intra  vitam). 


fig.  74^^  Cross-srctinn    of    Hgtttncnlum 
nuchit  of  ox. 


4.  ADIPOSE  TISSUE. 

In  certain  well-defined  regions  of  the  body  occur  typical  groups 
of  fixed  connective -tissue  cells  which  always  change  into  fat-cells  (fat 
organs,Toldt).  Connective -tissue  cells  in  various  otlicr  portions  of  the 
body  may  also  change  into  fat-cells,  but  in  this  erase  the  fat,  as  such, 
sometimes  disappears,  allowing  the  cells  to  resimie  their  original  con- 
nective-tissue type,  only  again  to  a[jpear  and  a  second  time  change  the 
chai-acter  of  the  tissue.  The  formation  of  fat  is  very  gradual.  Very 
fine  fat  globules  are  deposited  in  tlie  cell  ;  these  coalesce  to  form 
larger  ones,  until  finally  the  cell  is  almost  entirely  filled  with  a 
large  globule  {vid.  also  II.  Rabl,  96). 
As  the  fat  globule  gn>ws  larger  and 
larger,  tlie  protoplasm  of  tlie  cell,  to- 
gether with  its  nucleus,  is  crowded  to 
the  periphery.  The  protoplasm  then 
appears  as  a  thin  layer  just  within  the 
clear  cellular  membrane.  The  nucleus 
becomes  flattened  by  pressure,  until 
in  profile  view  it  has  the  appearance 
of  a  long,  flat  body.  In  regions  in 
cells  are  developed,  they  are  seen  to 
groups  of  various  sizes  (fat  lobules)  separated  by  strands  of  con- 
nective tissue.  Such  lobules  have,  as  was  first  pointed  out  by 
Toldt,  a  t>'pical  and  very  rich  blood-stipply  from  the  time  that  they 
are  recognized    as   fat    organs    in    the   embryo.     A   small    arten^ 


.  Nucleus. 
Prutuplasm. 


Fat  drop. 

Cell -membrane. 


fjg-    75«  — Scheme  of  a   fiU-cell. 

which  large  masses  of  fat- 
be  gathered  into   rounded 
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courses  through  the  center  of  the  fat  lobule,  breaking  up  if 
capillaries  which  form  a  network  around  the  fat  cells.  The  capil- 
laries unite  to  form  several  veins  which  are  situated  at  the  periphery 
of  the  lobule.  Where  fat  cells  develop  from  connective-tissue 
cells,  even  though  these  are  present  in  cnnsiderable  number  this 
typic  arrangement  of  the  blood-vessels  is  wanting. 

Microscopically,  fat  is  easily  recognized  by  its  peculiar  glistening 
apixrarance  (by  direct  light).  It  has  a  specific  reaction  to  certain 
reagents.  It  becomes  black  on  treatment  with  osmic  acid,  and  is 
stained  red  by  Sudan  III  and  blue  in  cyan  in. 

5.  CARTILAGE. 

Cartilage  is  readily  distinguished  from  other  connective  tissues 
by  its  ground-substance  or  matrix, — intercellular  substance, — 
which  yields  chondrin  on  boiling.  Three  varieties  are  found  in 
higher  vertebrates:  (i)  hyaline  cartilage;  (2)  elastic  cartilage;  (3) 
white  fibro-cartilage  or  connective-tissue  cartilage. 

The  simplest  type  is  hyaline  cartilage,  so  named  because  of  its 


M.-\trix    .-^-_ 


CartUagt;  cell. ^--ll 
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Fig.  76. — Hyftline  cartilage  (co»tat  cartilage  of  the  u.. ,.  .Ucohol  prej>aration ; 
X  joo-  The  cells  are  seen  inclosed  in  their  cnpsulev  In  the  figure  a  are  repesented 
fre«4uent  but  by  no  means  chamcteristic  radiate  structures. 


homogeneous  and  transparent  ground-substince,  which,  however, 
ill  reality  consists  of  fibrils  and  an  interfibrillar  substance,  the  two 
having  essentially  the  same  refractive  index.  In  this  ground- 
substance  are  found  the  cartilage  cells,  occupying  spaces  known  as 
lacunjc.  The  spaces  or  lacuna;  are  surrounded  by  a  narrow  zone 
of  ground-substance,  which  does  not  stain  as  docs  the  ground- 
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substance  and  which  refracts  the  hght  more  strongly.  This  zone  is 
generally  known  as  the  capsule  of  the  cartilage  cells.  As  pre- 
viously stated,  the  matrix  or  ground-substance,  develops  in  the 
exoplasm  of  the  protoplasmic  .syncytium  from  which  cartilage  has 
its  origin,  while  the  endoplasm  and  nuclei  form  the  cartilage  celts. 
Cartilage  cells,  as  such,  are  of  various  shapes,  and  have  no  typical 
appearance.  They  arc  usually  scattered  irregularly  throughout  the 
matrix,  but  are  often  arranged  in  groups  of  two,  tliree.  four,  or  even 
more  cells.  At  the  peripher\^  of  cartilage,  either  where  it  borders 
upon  a  cavity  (articular  cavity)  or  where  it  joins  the  perichondrium, 
the  cells  are  arranged  in  several  rows  parallel  to  the  surface  of  the 
tissue.  Cartilage  cells  often  contain  glycogen,  either  in  the  form 
of  drops  or  diffused  throughout  their  protoplasm. 

Cartilage  grows  by  intussusception,  and  an  appositional  growth, 
although  in  a  lesser  degree,  also  takes  place.  It  occurs  where  tlie 
cartilage  borders  upon  its  connective-tissue  sheath  or pcrichondnmn , 


^■K-  77- — From  x  secliun  through  ihe  cranial  cariilage  of  a  squid  (after  M.  Filrbinger, 

from  Bergh). 


a  vascular,  fibrous-tissue  membrane  composed  of  white  and  elastic 
fibers,  which  covers  the  cartilage  except  wheie  it  fi :>rms  a  joint  .sur- 
face. The  relations  of  the  cartilage  and  perichondrium  are  extremely 
intimate.  Fibers  are  seen  passing  from  the  perichondrium  into  the 
cartilaginous  matrix,  and  the  conncctive-tis.sue  cells  appear  to  change 
directly  intn  cartilage-cells. 

Certain  observers  (Wolters.  Spronk.  and  others)  have  described  a 
system  of  canaliculi  in  the  ground  substance,  which  are  said  to  unite 
the  lacunx  and  are  thought  to  serve  as  channels  for  the  passage  of 
lymph.  Such  structures  are,  however,  not  generally  recognized.  It 
is  an  interesting  fact,  however,  that  the  cartilage  of  certain  inverte- 
brate animals,  the  cephalopoda,  shows  cells  with  anastomosing  pro- 
cesses. (Fig.  'jy^  In  this  case  the  cartilage-cell  is  similar  to  a 
bone-cell,  thus  theoretically  allowing  of  the  possibility  of  the  meta- 
morphosis of  the  elements  of  cartilage  into  those  of  bone  (M.  I*"ur- 
bringer). 
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dense  network  which  permeates  the  h\'aline  matrix  (Fig.  79),  pass- 
ing over  into  the  corresponding  elements  of  tlie  perichondrium. 
Elastic  cartilage  is  found  in  the  external  ear,  the  cartilage  of  the 
Eustachian  tube,  the  epiglottis,  a  portion  of  the  arj'tenoid  cartilages, 
and  the  cartilages  of  Wrisberg  and  Santorini. 
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Fig.  79- — Elastic  cart ([ age  from  the  exlcmal  ear  of  man;    ;<  7^-      '*»  ^^^^  elasb'c 
network  in  the  immediate  neigliborhood  of  a  capsule. 


The  ground-substance  of  cartilage  undergoes  changes  as  age 
advances.  In  certain  cartilai,^es  there  is  observed  a  fibrillar  forma- 
tion,  in  the  ground-substance  between  the  cells.  The  fibers  are 
coarse  and  differ  from  white  fibrous  or  yellow  elastic  fibers.  This 
change  is  observed  in  lar>'ngeal  cartilages  as  early  as  the  twentieth 
year,  and  is  sometimes  designated  as  an  asbestos-like  alteration  of 
cartilage.  Calcification  occurs  in  many  cartilages — laryngeal, 
tracheal,  costal — and  consists  of  the  deposition  in  the  ground-sub- 
stance of  fine  granules  of  carbonate  of  lime,  first  in  the  immediate 
vicinity  of  the  cartilage  cells.  Calcification  is  observed  as  early  as 
tlie  twentieth  year  in  the  larv-ngcal  cartilages.  Ossification  may  be 
regarded  as  a  normal  occurrence  in  many  cartilages.  It  begins 
with  an  ingrowth  of  bloocl-ves.sels  from  the  perichondrium  into  the 
matrix.  These  vessels  are  surrounded  by  connective  tissue.  Around 
such  locations  ossification  occurs.  Chievitz  has  shown  that  the 
laryngeal  cartilages  begin  to  ossify  in  man  at  about  the  twentieth 
year,  and  in   women  at  about  the   thirtieth  year;  and  the  tracheal 
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cartilage  in  men  about  the  fortieth  year,  and  in  women  about  the 
sixtieth  year. 

To  obtain  chondrin^  a  piece  of  cartilaije  matrix  is  placed  in  a 
tube  containing  water.  This  is  hermetically  closed  and  heated  to 
120°  C,  after  which  it  is  opened  and  the  fluid  filtered  and  treated 
with  alcohol.  A  precipitate  of  chondrin  is  the  result.  This  sub- 
stance is  insoluble  in  cold  water,  alcohol,  and  ether,  but  soluble  in 
hot  water,  although,  on  cooling,  it  gelatinizes.  In  contrast  to  gel- 
atin, chondrin  is  precipitated  by  acetic  acid.  This  precipitate  does 
not  redissolve  in  an  excess  of  this  acid  but  disappears  in  an  excess 
of  certain  mineral  acids. 


6.  BONE. 

{a)  Structure  of  Bone. — Bone  nearly  always  develops  from  a 
connective-tissue  foundation,  even  where  it  occurs  in  places  formerly 
occupied  by  cartilage. 

The  inorganic  substance  of  bone  is  deposited  in  or  between  the 
fibers  of  connective  tissue,  while  the  cells  of  the  latter  are  trans- 
formed into  bone-cells. 

.As  in  connective  tissue,  so  also  in  bone,  the  ground-substance 
is  fibrous.  Between  the  fibers  remain  uncalcified  cells,  bone-cells, 
each  of  which  rests  in  a  cavity  of  the  matrix — lacuna. 

Primarily,  bone  consists  of  a  single  thin  lamella,  its  later  com* 
plicated  structure  being  produced  by  the  formation  of  new  lamella; 
in  apposition  to  the  first.  During  its  development  the  bone  becomes 
vascularized,  and  the  vessels  are  inclosed  in  especially  formed  canals 
known  as  vascular  or  Haversian  canals. 

The  bone-cells  have  processes  that  probably  anastomose,  and 
tliat  lie  in  special  canals  known  as  bone  canaiuuii.  Whether,  in 
man,  all  the  processes  of  bonc-cclls  anastomose  is  still  an  open 
question. 

The  apjxiarance  presented  by  a  transverse  section  of  the  shaft 
of  a  long  bone  is  as  follows  :  In  the  center  is  a  large  marrow  cavit}', 
and  at  the  peripher}'  the  bone  is  covered  by  a  dense  connective- 
tissue  membrane,  the  periosteum.  In  the  new-born  and  in  young  in- 
dividuals the  periosteum  is  composed  of  three  layers — an  outer  layer, 
consisting  mainly  of  rather  coarse,  white  fibrous-tissue  bundles  that 
blend  with  the  surrounding  connective  tissue  ;  a  middle  fibro-elastic 
layer,  in  which  the  elastic  tissue  greatly  predominates  ;  and  an  inner 
layer,  the  osteogenetic  layer,  va.scular  and  rich  in  cellular  elements, 
containing  only  a  few  smaller  bundles  of  white  fibrous  tissue.  In 
the  adult  the  osteogenetic  layer  has  practiced ly  disappeared,  leav- 
ing only  here  and  there  a  few  of  the  cells  of  the  layer,  while 
the  fibro-ela.stic  layer  is  correspondingly  thicker  (Schulz,  96).  A 
large  number  of  Haversian  canals  containing  blood-vessels,  seen 
mostly  in  transverse  section,  are  found  in  compact  bone-substance. 
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Lamellre  of  bone  are  plainly  visible  throughout  the  ground-sub- 
stance, and  are  arranged  in  the  following  general  systems : 

First,  there  is  a  set  of  bone  lamellae  running  parallel  to  the  ex- 
ternal surface  of  the  bone,  while  another  set  is  similarly  arranged 
around  the  marrow  cavit>'.  These  are  the  so-called  fundamental ^ 
or  outer  and  inner  circumferentia!  iameliiS  (known  also  as  periosteal 
and  marrow  lamella).  Around  the  Haversian  canals  are  the  con- 
centrically arranged  lamellae,  forming  s}'stems  of  Haversian  or  can- 
centric  lamella.  Besides  the  systems  already  mentioned,  there  are 
found  interstitial  ov  ground  lame  lies  wedged  in  between  the  Haversian 
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Fig.  80. —  Longitudinal  sectioD       Figs.  81  and  82. — I^mellcc  seen  from  the  surface; 
through  a  lamellar  system.  X  460  (after  v.  Ebner  75}. 

41^  Primitive   fibrils   and   fibril-bundles;    ,;  bone-corpuscles  with  bone-cells;    J,  bone 

canaliculi. 


or  concentric  systems  of  lamellae.     Some  authors  group  the  inter- 
stitial lamellae  with  the  systems  of  fundamental  lamellae. 

Lying  scattered  between  the  lamella;  are  found  spaces  known  as 
done  corpuscles  (Virchow)  or  lacunce.  These  are  present  in  all  the 
lamellar  systems.  It  is  very  probable  that  all  the  lacunae  arc  in 
more  or  less  direct  communication  with  each  other  by  means  of  fine 
canals  called canaliiuli {\.\  fi to  1.8/1  in  diameter).  It  can  be  demon- 
strated without  difficulty  that  the  lacuna;  of  a  sint^lc  lamellar  sys- 
tem communicate  not  only  with  each  other^  but  also  with  those  of 
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the  iong  axis  of  the  Haversian  canal.  It  is  as  yet  undecided 
whether  the  mineral  salts  (phosphate  and  carbonate  of  hrae,  sodium 
chlorid,  matjncsium  salts,  etc.)  are  deposited  in  the  ground-substance 
(v.  Kbner)  or  in  the  fibrilL-e  (Kolliker).  The  lacuna;  ( i  3  a  to  31  fi 
long,  6  fi  to  1  5  /i  wide,  and  4/jt  to  9  u  thick)  have,  in  common  with  the 
canaliculi.  walls  wliicli  present  a  greater  resistance  to  the  action  of 
strong  acids  than  the  rest  of  the  solid  bone-substance.  In  each 
lacuna  there  is  found  a  bonc-ccU,  the  nucleated  body  of  which 
practically  fills  the  lacuna,  while  its  processes  extend  out  into  the 
canaliculi. 

The  Haversian  canals  contain  blood-vessels,  either  an  artery  or 
a  vein  or  both.  Iktween  the  vesseic  and  the  walls  of  the  canals 
are  {x^rivascular  spaces  bounded  by  endothelial  cells,  resting  on  the 
adventitious  coats  of  the  vessels  and  the  sides  of  the  canals.  Into 
these  spaces  empty  the  canaliculi  of  the  Haversian  system.  Lymph- 
spaces  beneath  the  periosteum  and  at  the  peripherj"  of  the  marrow 
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Fig.  &4. — Portion  of  a  transversely  ground  disc  from  the  shaft  of  a  biunan  femur ; 
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cavity  communicate  directly  with  the  canaliculi  of  the  circumferen- 
b'al  s)'stenis. 

All  the  lacuncC  and  canaliculi  should  be  thought  of  as  filled  by 
lymph  plasma  which  circulates  throughout,  bathing  the  bone-cells 
and  their  processes.  The  formed  elements  of  the  lymph  are  prob- 
ably too  large  to  force  their  way  through  the  very  small  canaliculi. 
The  plasma  current  probably  Rows  from  the  periosteal  and  marrow 
regions  toward  the  Haversian  canals. 

Between  the  lamelire  are  bundles  of  fibers  (some  of  which  are 
calcified),  which  can  be  demonstrated  by  heating  the  bone,  or  in  de- 
calcified preparations  on  staining  by  certain  methods.  These  are  the 
so-called yfM-.y  of  Sfiarpty  ;  in  the  adult  they  contain  elastic  fibers. 

In  the  circumferential  lamellae  are  found  canals,  not  surrounded 
by  concentric  lamelire,  which  conveys  blood-vessels  from  the  perios- 
teum to  the  Haversian  canals.      These  are  called  VoikmaHn's  caftais. 

The  structure  of  bone-marrow  will  be  discussed  with  the  blood- 
forming  organs. 
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{If)  Development  of  Bone.— Nearly  all  the  bones  of  the  adult 
body  are,  in  the  earlier  stages  of  embrj'onic  life,  preformed  in  embry-j 
onic  cartilage.  As  development  proceeds,  this  embryonic  cartilage 
assumes  the  character  of  hyaline  cartilage,  its  cells  becoming  vesic- 
ular, and  probably  disappearing.  In  the  matrix,  however,  there 
are  formed  spaces  that  are  soon  occupied  by  cells  and  vessels  which 
grow  in  from  a  fibrous-tissue  membrane  (the  future  periosteum)  sur- 
rounding the  cartilage  fundaments  of  the  bones.  These  cells  deposit 
a  bone  matrix  in  the  cartilage  spaces.  Bone  developed  in  this  man- 
ner is  known  as  fmiocliomiral  or  iutracartiiaginous  bone.  In  certain 
bones — namely,  those  of  the  vault  of  the  skull  and  nearly  all  the 
bones  of  the  face — there  is  no  preformation  in  cartilage,  these  bones 
being  developed  from  a  connective-tissue  foundation.  They  are 
known  as  intranu-mbranous  bones.  As  will  become  evident  upon 
further  discussion  of  the  subject,  the  formation  of  fibrous-tissue 
bone  (intramembranous)  is  oot  confined  to  bones  tioi  preformed  in 
cartilage.  In  bones  preformed  in  cartilage,  fibrous-tissue  bone  de- 
velops from  the  connective-tissue  membrane  surrounding  the  carti- 
lage fundaments,  the  two  types  of  bone-develojjmenl  going  on  simul- 
taneously in  such  bones.  Attention  may  further  be  drawn  to  the 
fact  that  nearly  all  endochondral  bone  is  absorbed,  so  that  the 
greater  portion  of  all  adult  bone,  even  that  preformed  in  cartilage, 
is  developed  from  a  foundation  of  fibrous  tissue.  The  two  modes 
of  ossification — endochondral  or  intracartilaginous  and  intramem- 
branous— even  though  appearing  simultaneously  in  the  majority  of 
bones,  will,  for  the  sake  of  clearness,  be  discussed  separately. 

I.  Endochondral  Bone-development. — ^The  cartilage  that  forms 
the  fundaments  of  the  bones  preformed  in  cartilage  has  at  first  the 
appearance  of  embrj'onic  cartilage,  consisting  largely  of  celts  with 
a  small  amount  of  intercellular  matrix.  These  fundaments  are  sur- 
rounded by  a  fibrocellular  membrane — the  perichondrium.  Ossifi- 
cation is  initiated  by  certain  structural  changes  in  the  embryonic 
cartilage,  in  one  or  several  circumscribed  areas,  known  as  centers  of 
ossification.  In  the  long  bones  a  center  of  ossification  appears  in  the 
middle  of  the  future  diaphysis.  Tn  this  region  the  intercellular 
matri.x  increases  in  amount  and  the  cells  in  size  ;  thus  the  embry- 
onic cartilage  assumes  the  character  of  hyaline  cartilage.  This  is 
fallowed  by  a  further  increase  in  the  size  of  the  cartilage-cells,  at  i 
the  expense  of  the  thinner  partitions  of  matrix  .separating  neighbor- 
ing ceils,  while  at  the  same  time  lime  granules  are  deposited  in  the 
matrix  remaining.  During  this  .stage  the  cells  apjvear  first  vesicu-i 
lar,  distending  their  capsules,  then  shrunken,  only  partly  filling  the 
enlarged  lacunar.  They  stain  less  deeply,  and  their  nuclei  show 
degenerative  changes.  The  center  of  os.sification.  in  the  middle  of 
which  these  changes  are  most  pronounced,  is  surrounded  by  a  zone 
in  which  these  structural  changes  are  not  so  far  advanced  and  which 
has  the  appearance  at  its  periphery  of  hyaline  cartilage. 

Simultaneously  with  these  changes  in  the  cartilage,  a  thin  layel 
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of  bone  is  deposited  by  the  perichnndritim  (in  a  manner  to  be 
described  under  the  head  of  intramembranous  bone- development) 
and  the  perichondrium  becomes  the  periosteum.  This  in  the  mean- 
time has  differentiated  into  two  layers — an  outer,  consisting  largely 
of  fibrous  tissue  with  few  cellular  elements,  and  an  inner,  the 
osteogenetic  layer,  vascular  and  rich  in  cellular  elements  and  con- 
taining few  fibrous-tissue  fibers. 

Ossification  in   the  cartilage  begins  after  the   above-described 
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Fig.  85. — Longitudinal  section  through  a  long  bone  (phalanx)  of  a  h'zard  embryo. 
The  pritnttry  bone  lamella  cirjginating  from  the  periosteum  is  broken  through  by  the  peri- 
osteal bud.  Connected  with  the  bud  is  a  periosteal  blood-vessel  containing  red  blood- 
corpuscles. 


Structural  changes  have  taken  place  at  the  center  of  ossifica- 
tion. Its  commencement  is  marked  by  a  growing  into  the  cartilage 
of  one  or  several  buds  or  tufts  of  tissue  derived  principally  from 
the  osteogenetic  layer  of  the  periosteum.  As  the  periosteal  buds 
grow  into  the  cartilage^  some  of  the  septa  of  matrix  separating  the 
altered  cartilage-cells  disappear,  and  the  cells  become  free  and 
probably  degenerate.    In  this  way  the  cartilage  at  the  center  of  ossi- 


118 


THE    TISSUES. 


Bcatjon  becomes  hollowed  out.  and  there  are  formed  irregular  anas- 
tomosing spaces,  primary  marrow  spaces,  separated  by  partitions  or 
trabeculae  of  calcified  cartilage  matrix.  Into  these  primarj'  mar- 
row spaces  grow  the  periosteal  buds,  consisting  of  small  blood- 
vessels, cells,  and  some  few  connective-tissue  fibers,  forminj:;  embr}--- 
onic  marrow  tissue.     Some  of  the  cells  which  have  thus  grown  into 
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Fig.  &6. — Ix)ngitudinAl  section  of  the  pnixininl  enti  oi  m  long  bone  (sheep  embryo) ; 
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the  primary  marrow  spaces  arrange  themscKes  in  layers  on  the 
trabccuk-e  of  calcified  matrix,  which  they  envelop  with  a  layer  of 
osseous  matrix  formed  by  them.  The  cells  thus  engaged  in  the 
formatitin  of  osseous  tissue  are  known  as  osttitbiasts. 

Ossification  proceeds  from  the  center  of  ossification  toward  the 
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extremities  of  the  diaphysis  (in  a  long  bone),  and  is  always  preceded 
as  at  the  center  of  ossification,  by  the  characteristic  structural 
changes  above  described.  Beginning  at  the  center  of  ossification  and 
pruceedini^  toward  eitlier  extremity  of  the  diaphysis.  the  enlarged  and 
vesicular  cartilage-cells  will  be  observed  to  be  arranged  in  quite  reg- 
ular columns,  separated  by  septa  or  tra- 
becula;  of  calcified  cartilage  matrix.  The 
cells  thus  arranged  in  columns  show  the 
degenerative  changes  above  described. 
They  are  shrunken  and  flattened,  and 
their  nuclei,  when  seen,  stain  less  deeply 
tlian  the  nuclei  of  normal  cartilage-cells. 
Beyond  this  zone  of  coluoms  of  altered 
cartilage-cells  are  found  smaller  or  larger 
groups  of  less  changed  cartilage-cells, 
and  bevond  this  zone,  hj'aliiie  cartilage. 

The  arrangement  of  the  cartilage- 
cells  in  the  columns  above  mentioned  is, 
according  to  Schicfferdecker,  mainly  due 
to  two  factors  ^ — the  current  of  lymph 
plasma  which  Hows  from  the  center  of 
ossification  toward  the  two  extremities  of 
the  cartilage  funilament,  and  the  mutual 
pressure  exerted  by  the  groups  of  carti- 
lage-cells in  their  growth  and  prolifera- 
tion. Ossification  proceeds  from  the  cen- 
ter of  the  diaphysis  toward  its  two  ex- 
tremities by  a  growth  of  osteoblasts  and 
small  vessels  into  the  columns  of  carti- 
lage-cells. Here,  also,  these  degenerate, 
leaving  in  their  stead  irregular,  oblong, 
anastomosing  si^aces,  separated  by  septa 
and  trabecular  of  calcified  cartilage  ma- 
trix on  which  the  osteoblasts  arrange 
themselves  in  layers,  and  which  they 
envelop  in  osseous  tissue.  In  a  longi- 
tudinal section  of  a  long  bone,  preformed 
in  cartilage,  the  various  steps  of  endo- 
chondral bone-development  ma}',  there- 
fore, be  obser\'ed  bj^  viewing  the  prepa- 
ration from  either  end  to  the  center  of  the 
diaph\sis,  as  may  be  seen  in  figures  86, 
87.  The  foi-mer  lepresents  the  appear- 
ance as  seen  under  low  magnification,  the  latter  a  small  portion  of 
such  a  section  from  the  area  of  o.ssification,  more  highly  magnified. 

Adjoining  the  primar\'  marrow  spaces  is  vesicular  cartilage 
and  columns  and  groups  of  cartilage-cells  and  finally  liyaline  car- 
tilage. 


t'B-  ^7* — Loiigilmiiiml  sec- 
lion  tliruugh  area  of  os<iihcnt inn 
from  long  bone  of  huu)an  em- 
bryo. 
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In  the  upper  portion  of  figure  87  is  observed  a  zone  composed 
of  groups  of  cartilage-cells,  adjoining  this  a  zone  coniposed  of 
columns  of  vesicular  and  shrunken  cartilage-cells,  the  nuclei  of  which 
are  indistinctly  seen.  These  columns  arc  separated  by  septa  and 
trabecular  of  calcified  matrix.  This  zone  is  followed  by  one  in 
which  the  cartilage-ceils  have  disappeared,  leaving  spaces  into 
which  the  osteoblasts  and  small  blood-vessels  have  grown.  In  cer- 
tain parts  of  the  figure,  the  osteoblasts  are  arranged  in  a  layer  on 
the  trabecule  of  calcified  cartilage,  some  of  which  are  enveloped 
in  a  layer  of  osseous  matrix,  less  deeply  shaded  than  the  darker  car- 
tilage remnants. 

As  the  development  of  endochondral  bone  proceeds  from  the 
center  of  ossification  toward  the  extremities  of  the  diaphysis  in  the 
manner  described,  the  primary  marrow  spaces  at  the  center  of  ossi- 
fication are  enlarged,  a  result  of  an  absorption  of  many  of  the  smaller 
osseous  trabecule  and  the  remnants  of  calcified  cartilage  matrix 
enclosed  by  them.  In  this  process  are  concerned  certain  large 
and,  for  the  most  part,  polynuclear  cells,  which  arc  differentiated 
from  the  embryonic  marrow.  These  are  the  osUoc/as/s  (bone  break- 
ers) of  Kolliker  (73).  They  are  43  ft  to  91  /i  long  and  30  ju  to  40  /i 
broad,  and  have  the  function  of  absorbing  the  bone.  The  spaces 
which  they  hollow  out  during  the  beginning  of  the  process  appear 
as  small  cavities  or  indentations,  containing  osteoclasts  either  single 
or  in  groups,  and  are  known  as  HtKifship's  lacume.  All  bone 
absorption  goes  hand  in  hand  with  their  appearance.  At  the  same 
time,  the  osseous  trabecuhe  not  absorbed  become  thickened  by  a 
deposition  of  new  layers  of  osseous  tissue  (by  osteoblasts),  during 
which  process  some  of  the  osteoblasts  are  enclosed  in  the  newly 
formed  bone  and  are  thus  converted  into  bone-cells.  In  this  way 
there  is  formed  at  the  center  of  ossification  a  primary  or  embryonic 
spongy  or  cancellous  bone,  surrounding  j:<r(?^/r//7n'  marrcnv spaces  or 
Hai'irsian  spaces,  filled  with  embrj'onic  marrow.  This  process  of 
the  formatinn  of  embryonic  cancellous  bone  follows  the  primary 
ossification  from  the  center  of  ossification  toward  the  extremities  of 
the  diaphysis.  It  should  be  further  stated,  that  long  before  the 
developing  bone  has  attained  its  full  size — indeed,  before  the  end  of 
embryonic  life — the  cmbr>'onic  cancellous  bone  is  also  absorbed 
through  the  agency  of  osteoclasts.  The  Haversian  spaces  are  thus 
converted  into  one  large  cavit>',  which  forms  a  portion  of  the  future 
marrow  cavity  of  the  shaft  of  the  fully  developed  bone.  The 
absorption  of  the  embryonic  cancellous  bone  begins  at  the  center 
of  ossification  and  extends  toward  the  ends  of  the  diaphysis. 

Some  time  after  the  beginning  of  the  process  of  bone- develop- 
ment at  the  center  of  ossification  of  the  diaphysis,  centers  of 
ossification  appear  in  the  epiphyses,  the  manner  of  the  develop- 
ment of  hone  being  here  the  same  as  in  the  diaphysis.  Several 
•perio.steal  buds  grow  into  each  center  of  ossifiaition,  filling  the 
irregular  spaces  formed  by   the    breaking  down    of  the  degcner- 
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ated  cartilagc-cclls.  Osteoblasts  are  arranged  in  rows  on  tlie 
trabeculse  of  cartilage  thus  formed,  which  they  envelop  in  osseous 
tissue.  As  development  proceeds,  the  primary  osseous  tissue  is 
converted  into  embryonic  cancellous  bone  as  above  described. 

In  the  development  of  the  epiphyses,  as  in  the  development  of 
the  smaller  irregular  bones,  the  formation  of  bone  proceeds  from 
the  center  or  centers  of  ossification  in  all  directions,  and  not  only 
in  a  direction  parallel  to  the  long  axis  of  the  bone  as  described  for 
the  diaphysis.  The  epiphyses  grow,  therefore,  in  thickness  as  welt 
as  in  length,  by  endochondral  bone-development. 

There  remains  between  the  osseous  tissue  developed  in  the  dia- 
physis and  that  in  the  epiphyses,  at  each  end  of  the  diaphysis,  a  zone 
of  hyaline  cartilage  in  which  ossification  is  for  a  long  time  delayed  ; 
this  is  to  permit  the  longitudinal  growth  of  the  bone.  These  layers  of 
cartilage  constitute  the  epiphyseal  cartilages.  Here  the  periosteum 
(perichondrium)  is  thickened  and  forms  a  raised  ring  around  the 
cartilage.  A.s  it  penetrates  some  distance  into  the  substance  of  the 
cartilage,  the  latter  is  correspondingly  indented.  (Fig.  86.)  The  im- 
pression thus  formed  appears  in  a  longitudinal  section  of  the  bone 
as  an  indentation, — the  ossification  gromre  [cncoche  d'ossijicatiou, 
Ranvicr,  89).  That  portion  of  the  perichondrium  filling  the  latter 
is  called  the  ossijitatioti  ridge.  The  relation  of  the  elements  of  the 
perichondrium  to  the  cartilage  in  the  region  of  the  groove  just 
described  is  an  extremely  intimate  one,  both  tissues,  perichondrium 
and  cartilage,  merging  into  each  other  almost  imperceptibly.  It  is 
a  generally  accepted  theory  that  so  long  as  the  longitudinal  growth 
of  the  bone  persists,  new  cartilage  is  constantly  formed  at  these 
points  by  the  perichondrium.  In  the  further  production  of  bone 
this  newly  developed  cartilage  passes  through  the  preliminary' 
changes  necessary  before  the  actual  commencement  of  ossification 
— /.  c,  it  goes  through  the  stages  of  vesicular  cartilage  and  the 
formation  of  columns  of  cartilage-cells,  in  place  of  which,  later,  the 
osteoblasts  and  primar}^  marrow  cavities  develop. 

By  the  development  of  new  cartilage  elements  from  the  cncoche 
the  longitudinal  growth  of  the  bone  is  made  possible ;  at  the  same 
time,  those  portions  of  the  cartilage  thus  used  up  in  the  process  of 
os.sification  are  immediately  replaced,      (Fig.  88.) 

The  following  brief  summary'  of  the  several  .stages  of  endochon- 
dral bone-development  may  be  of  .service  to  the  student : 

I.  The  embr)^onic  cartilage  develops  into  hyaline  cartilage, 
beginning  at  the  centers  of  ossification. 

3.  The  cartilage -cells  enlarge  and  become  vesicular.  In  the 
diaphysi's  of  long  bones  such  cells  are  arranged  in  quite  regular 
columns,  while  in  the  epiphyses  and  irregular  bones  this  arrange- 
ment is  not  so  apparent 

3,  Calcification  of  the  matrix  ensues  ;  the  cartilage-cells  disap- 
pear (degenerate)  ;  primar\'  marrow  spaces  develop, 

4.  Ingrowth  of  periosteal  buds.     The  osteoblasts  are  arranged 
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in  layers  on  tlic  trabcculae  of  calcified  cartilage,  which  tliey  envelop 
with  osseous  tissue. 

5.  Osteochists  cause  the  absoqition  of  many  of  the  smaller 
osseous  trabecular ;  others  become  thickened  by  a  deposition  of 
new  layers  of  osseous  tissue.  Osteoblasts  are  enclosed  in  bone- 
tissue  and  become  bone-cells.  In  this  way  there  is  formed  embry- 
onic cancellous  bone,  bounding  Haversian  spaces  inclosing  embry- 
onic marrow, 

6.  In  the  diaphysis,  the  greater  portion  of  the  embryonic  can- 
cellous bone  is  also  absorbed  (by  osteoclasts)  ;  the  Haversian  spaces 
unite  to  form  a  part  of  the  marrow  space  of  the  shaft  of  the  bone. 

2.  Intriimembranous  Bone. — This,  the  simpler  tv'pe  of  ossifi- 
cation, occurs  in  bone  developed  from  a  connective-tissue  founda- 
tion, and    is    exemplified    in    the    formation    of  the    bones    of  the 
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cranial  vault  and  the  greater  numl>er  of  the  bones  of  the  face,  and 
also  in  bone  developed  from  the  periosteum  (periciiondrium)  sur- 
rounding the  cartilage  fundaments  of  endochondral  bone.  All 
fibrous-ti.ssue  bone  is  de\eIoi)ed  in  the  same  way. 

The  intramembranous  bone-development  begins  by  an  approxi- 
mation and  more  regular  arrangement  of  the  osteoblast:*  of  the 
osteogenetic  layer  of  the  periosteum  about  small  fibrous-tissue 
bundles.  The  osteoblasts  then  become  engaged  in  the  formation 
of  tile  osseous  tissue  which  envelops  the  fibrou-s-ti-ssue  bun<lles. 
In  this  way  a  spongy  bone  with  large  meshes  is  formed,  consisting 
of  irregular  osseous  trabecuK-e,  surrounding  primary  marrow  spaces. 
These  latter  arc  filled  by  embryonic  marrow  and  blood-vessels  de- 
\  eloped  from  tiie  ti.ssue  elements  of  the  periosteum  not  engaged  in 
the  formation  of  bone. 
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lotraincmbraiioiis  bune  first  appears  in  the  form  of  a  thin  lamella 
of  bone>  which  increases  in  size  and  thickness  by  the  formation  of 
trabecular  about  the  edges  and  surfaces  o{  that  previously  formed 
and  in  tlie  manner  above  described.  A  layer  of  intramembranous 
bone  thus  surrounds  the  endochondral  bone  in  bones  preformed  in 
hyaline  cartila^^e.  The  two  modes  uf  ossification  may,  therefore, 
be  obscr\'ed  io  either  a  cross  or  a  longitudinal  section  of  a  develop- 
ing bone  preformed  in  hyaline  cartilage.  In  such  preparations 
the  endochondral  bone  can  be  readily  distinguished  from  the  intra- 
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Fig.  89. — Section  through  the  low  ^n  embryo  sheep  (decalcified  with  picric 

acid) ;  X  300.  At  a  and  iramedialeiy  l>eU>w  are  seen  the  fibers  of  a  primitive  marn)W 
cavity  lying  close  together  and  engageil  in  tlic  lornuilion  of  the  ground-substance  of  llie 
bone,  while  ihc  cells  of  ihe  marrcm'  cavity,  wnh  their  pKKCsses,  arrange  themselves  on 
either  side  of  the  newly  formed  lamella  and  funclionate  as  osteoblasts. 


membranous  bone  by  reason  of  the  fact  that  remnants  of  calcified 
cartilage  matrix  may  be  observed  in  the  osseous  trabecuht  of  the 
former.  It  will  be  remembered  that  these  osseous  trabecuke  de- 
velop about  the  calcified  cartilage  matrix  remaining  after  the  dis- 
appearance of  the  cartilage-cells.  In  figure  90.  which  shows  a 
cross-.section  of  a  bone  from  the  leg  of  a  human  embryo,  these  facts 
are  clearly  shown.  A  study  of  this  figure  shows  the  entlochundral 
bone,   with   the   remnants   of  tlie    cartilage    matrix  (shaded  more 
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this  process  many  of  the  osteoblasts  become  inclosed  in  bone 
matrix,  forming  bone-cells  and  the  blood-vessels  of  the  Haversian 
spaces  remain  as  the  vessels  found  in  the  Haversian  canals.  The 
spongy  intramembranous  bone  not  alisorbed  at  the  commencement 
of  the  form.ation  of  the  s}\stem  of  concentric  lamellae,  remains 
between  the  concentric  systems  as  interstitial  lamelliL*.  The  circum- 
ferential lamella;  are  those  last  formed  by  the  periosteum.  Calcifica- 
ation  of  the  osseoos  matrix  takes  place  after  its  formation  by  the 
osteoblasts. 

From  what  ha.s  been  stated  it  may  be  seen  that  the  shafts  of 
the  long  bones  and  bones  not  preformed  in  cartilagje  develop  by  the 
process  of  intramembranous  bone-formation,  while  the  cancellous 
bone  in  the  ends  of  the  diaphysis  and  in  the  epiphyses  is  endochon- 
dral bone.  Further,  that  long  bones  grow  in  length  by  endo- 
chondral bone-development,  and  in  thickness  b)'  the  formation  of 
intramembranous  bone.  In  the  development  of  the  smaller  irreg- 
ular bones,  both  processes  may  be  engaged  ;  the  resulting  bone  can 
not,  however,  be  so  clearly  defined. 


TICWSHC 

Ranvler's  Method. — One  of  the  methods  for  examining  connecrive- 
tis.sue  rellsantl  fibers  is  ihat  ret  ommended  by  Ranvier  ( 89  ) ;  it  is  as  follows: 
^'l"hc  skin  of  a  reLently  killed  dog  or  rabbit  is  carefully  raised,  and  a  o,  i  'Jf? 
:iucous  solution  of  nitrate  of  silver  injected  sul>cutaneously  by  means  of  a 
glass  syringe.  The  result  is  an  edematous  swelling  in  which  the  connective- 
tis.sue  cells  and  fibers  (the  latter  somewhat  stretched)  come  into  imme- 
diate rontact  with  the  fixing'  fluid  and  are  consequently  presented  in  their 
ori^nnal  t  ondition.  In  about  three-quarten>  of  an  hour  the  whole  eleva- 
tion should  be  cut  out  (it  will  not  now  collapse  1  and  small  fragments 
(tbred  upon  a  slide  and  carefully  teased.  Isolated  connective-tissue  cells 
wjih  processes  of  different  shapes,  having  the  most  varied  relations  to 
(hose  from  adjacent  tells,  are  seen.  The  fibers  themselves  either  consist 
of  several  fibrils,  or,  if  thicker,  are  often  surrounded  by  a  spirally  encir- 
« ling  fibril.  By  this  meihod  numerous  elastit:  fibers  and  fat-cells  are  also 
lirought  out.  If  a  drop  of  picrocarmin  be  added  to  such  a  teased  prepa- 
luiion  and  die  whole  allowed  to  remain  for  twelve  hours  in  a  moist 
(haniber,  nnd  formic  glycerin  {a  solution  of  i  part  fomiic  acid  in  100 
parts  glycerin)  be  then  substituted  for  twenty-four  hours,  the  following  in- 
stru(  tive  pit  tnre  is  obtained  :  .Ml  nuclei  are  colored  red,  the  white  tlbrous 
(<mnective  tissue  fil)ers  pink,  the  fibrils  encircling  the  latter  browntsh- 
retl,  and  the  clastic  fibers  canary  yellow.  The  peripheral  proto|)la-sm 
of  the  fat  cells  is  i>arljcularly  well  preserved,  a  condition  hardly  obtain- 
able by  any  other  method. 

Connet  tive  tissue  with  a  parallel  arrangement  of  its  fibers  is  best 
sludinl  in  icntlon,  those  in  the  tails  of  rats  and  mire  being  ftarli*  ularly 
well  adajjtcd  to  this  purpose.  If  one  of  the  distal  vertebric  of  the  tail  be 
loosened  and  pulled  aw.iy  from  its  neighl>or,  the  atta<  hed  tendons  will 
bet  ome  srpatated  from  the  inus<  les  at  the  root  of  the  tail  and  apjjcar  as 
thin  glistening  threads.     These  are  easily  teased  on  a  slide  into  fibers  and 
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fibrils.     Such  preparations  are  also  useful  in  studying  the  action  of  reagents 
(see  below). 

The  substance  resemblin^^  mucin  which  cements  the  fibrillae  together 
IS  soluble  in  lime-water  and  Ixiryta-water — a  circumstance  made  use  of 
and  recommended  by  Rollet  (72,  II j  as  a  method  for  the  isolation  of 
connective-tissue  fibnis.  In  necrotic  tissue  the  fibers  show  a  degenera- 
tion into  fibrils  (  Ranvier,  89). 

If  connective  tissue  be  heated  in  water  or  dilute  acids  to  120°  C,  and 
the  fluid  then  filtered,  a  solution  is  obtained  from  which  collagen  can  be 
precipitated  by  means  of  alcohol.  This  is  insoluble  in  cold  water,  alcohol, 
and  ether,  but  is  soluble  in  hot  water  and  when  dissolved  in  the  killer  and 
cooled,  becomes  transformed  into  a  gelatinous  substance.  Unlike  mucin 
and  chondrin  this  substance  does  not  precipitate  on  the  addition  of  acetic 
and  mineral  acids.  Tannic  acid  and  corrosive  sublimate  will  cause  pre- 
cipitation, as  also  in  the  case  of  chondrin,  but  not  with  mucin  (77V/.  also 
Hoppe-Seylerj. 

Elastic  tissue  may  be  obtained  by  treating  connective  tissue  with 
potassium  hydrate  solution,  and  if  the  alveoli  of  the  lungs  be  treated 
for  some  time  with  this  reagent,  very  small  clastic  fibers  can  be  obtained. 
By  this  means  the  1  onnective-tissue  fibers  are  dissolved,  but  not  the  elastic 
fibers.      Particularly  coarse  fibers  are  found  in  the  ligamenta  subflava. 

According  to  Knhne.  t  onnective  and  elastic  tissues  are  diffcr- 
entiy  afTeeted  by  trypsin  dig:estion — /.  <•.,  alkaline  glycerin -pancreas 
extract  at  35**  C. — white  fibrous  connective  tissue  being  resolved  into 
fibrils,  while  elastic  tissue  is  entirely  dissolved. 

To  F.  P.  Mail  also  belongs  the  credit  for  a  few  data,  which  we 
insert,  as  to  the  dilTerent  reactions  which  various  connective-tissue  sub- 
stances show  when  treated  by  the  same  reagents. 

When  a  tendon  is  l.K)iletl  it  becomes  shorter,  but  if  it  be  fixed  before 
boiling,  there  is  no  change.  Adenoid  reticulum  shrinks  when  boiled,  l>ut 
after  a  short  time  swells,  and  finally  dissolves.  Both  tendon  and  adenoid 
reticulum  shrink  at  70°  C.  If,  however,  they  be  first  treated  with  a 
0.5^  solution  of  osmic  acid,  the  shrinkage  will  not  take  place  until 
95°  C.  is  reached.  If  the  reticulum  or  the  tendon  has  become  shrunken 
through  heat,  they  are  easily  digested  with  ])ancrealin,  and  putrefy  very 
readily.  Tendon  fibers  do  not  l>ecome  swollen  in  glacial  acetic  acid, 
either  concentrated  or  in  strengths  of  0.05 'y?  or  less,  but  in  strengths 
of  0.5"^  to  25^  they  swell,  and  if  placed  in  a  ^^''/t  solution  they  will 
dissolve  in  twenty-four  hours.  They  also  swell  in  hydroi  hlori<-  acid  in 
strengths  of  o.  I  •"/  to  (y'^ji .  In  strengths  of  6 '^^  to  25'/{  the  fibers  remain 
unchanged  for  some  time,  and  only  dissolve  in  a  concentrated  solution 
of  this  acid.  Reticulated  tissue,  on  the  other  hand,  swells  in  a  3^, 
hydrochloric  acid  solution,  but  remains  unchanged  in  strengths  of  t^^c  to 
io^]c.  It  dissolves  in  twenty-four  hours  in  solutions  of  25 ^J  and  over. 
After  treatment  with  a  dilute  .solution  of  acid,  tendon  dissolves  more  rapidly 
on  boiling  than  does  rctii  ular  tissue. 

Tendon  exposed  to  the  action  of  the  ga.stric  juice  of  a  dog  does  not 
dissolve  more  rapidly  than  elastic  ti.ssue  ;  but  if  placed  in  an  artificial  solu- 
^tion  of  gastric  juii  e,  tendon  dissolves  first,  then  reticular  tissue,  and  finally 
'elastic  fibers.  Pancreatin  affects  neither  tendon  nor  reticulated  tissue,  but 
if  boiled,  both  tissues  are  easily  digested  by  its  at  tion.  If  taken  out  of 
the  body,  neither  tendon  nor  reticulum  will  become  affected  by  putre- 
fiiction.  In  the  body,  however,  and  espet  iaily  at  high  temperatures 
(37°  *^  •  K  ^oth  tissues  are  decomposed  within  a  lew  days. 
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Elastic  fibers  remain  unchanged  in  acetic  acid^  and  even  when 
boiled  in  a  20%  solution  they  only  become  slightly  brittle.  They  are, 
hovve\'er,  rapidly  destroyed  by  concentrated  hydrochloric  acid,  although 
in  a  10%  solution  at  ordinary  temperature  no  change  is  seen.  In  a  ^o^/c 
solution  the  fiber  is  dissolved  in  seven  days,  and  in  a  concentrated  solu- 
tion in  two  days.  The  inner  substance  of  the  fiber  is  first  attacked,  then 
the  raeinbrane.  To  demonstrate  this  membrane,  the  fibers  are  boiled 
several  times  in  concentrated  hydrochloric  acid  and  the  whole  then 
poured  into  cold  water.  Occa.sionally,  a  longitudinal  striation  of  the 
membrane  is  seen,  indicating  a  fibrillar  structure.  Concentrated  solutions 
of  potassium  hydrate  disintegrate  the  fibers  in  a  fevi'  days  ;  weak  solutions, 
more  slowly.  A  i^  solution  of  potassium  hydrate  requires  months  to 
produce  the  effect;  sl  2^/0  solution,  one  month;  a  5'^,  three  days;  a 
10^,  one  day;  and  20 fp  to  40%,  only  a  few  hours.  A  weak  solution 
of  [lOta-ssium  hydrate,  even  when  brought  to  the  boiling-point,  does  not 
dissolve  elastic  tibers,  nor  does  it  cause  them  to  l)ecome  brittle.  If,  how- 
ever, they  be  boiled  in  a  59J;  or  10 '/(i  solution  of  potassium  hydrate,  the 
membranes  of  the  fibers  will  be  isolated.  A  cold  20^  .solution  has  the 
same  etTect  in  one  or  two  days.  Pepsin  induces  a  disintegration  of  the 
contents  of  the  filier,  leaving  the  membranes  intact. 

To  demonstrate  the  inner  substance  of  clastic  fibers  and  their 
membranes,  magenta  red  has  been  recommended  (a  small  granule  is 
added  to  50  c.c.  glycerin  and  50  c.c.  water}.  By  this  method  the 
internal  substance  is  colored  red  while  the  sheath  remains  colorless. 

Orcein,  Llnna*s  Method. — Make  a  solution  consisting  of  Griibler's 
orcein  i  jjart,  hydrochloric  acid  i  part,  absolute  alcohol  100  fjarls.  The 
sections  are  stained  in  a  porcelain  dish.  The  stain  is  heated  over  a 
fiame  or  in  an  oven  until  the  stain  becomes  quite  thick.  Rinse  thor- 
oughly in  alcohol,  clear  in  xylol,  and  mount.  Elastic  fibers  stain  a  dark 
brown,  white  fibrous  ti.ssue  a  light  brown. 

Fuchsln-resorcin  Elastic  Fibers  Stain  (Weij^ert). — A  solution 
containing  I't  of  basic  fuchsin  and  2%  of  resorcin  is  made  and  brought 
to  iHjiling.  I'o  200  c.c.  of  this  solution  there  is  added  25  c.c.  of  liquor 
fcxxx  sesquichlorati  (Germ.  Pharm.  ).  Boil  for  about  five  minutes,  stir- 
ring the  meanwhile.  Filter  on  cooling,  and  place  the  filter  paper  and 
Ibf  pmipuate  <ollected  in  a  porcelain  dish  and  add  200  c.c.  of 
ttC^  alcohol  and  bring  to  Ijoiling,  Filter  on  cooling  and  add  to  the 
fitcttc  4  c.c.  of  hy<Jrochloric  acid  and  enough  alcohol  to  bring  it  up  to 
t«o  i*.c.  Slain  sections  foral)out  one  hour.  Sections  are  then  washed  in 
Lftkobol  or  Acidulated  alcohol,  or,  better  still,  in  alcohol  to  which  a  few 
lctv»iab  of  puric  acid  have  been  added.  Clear  in  xylol  and  mount. 
Kbtttw  then  arc  stained  dark  blue  or  bluish-black  if  washed  in  picric 

l>ittrrvnClal  Stain  for  Connective-tissue  Fibrillar  and  Reticu- 
lum    MalU'r>  I.  -I*i\   tissues  in   •  orro^ive  sublimate  or  in   Zenker's  so- 
..>e^  f»\etl  by  other  methods  may  also  Ije  used,  although  the 
viuilc  so  satisfactory,  if  the  sections  are  immersed  for  fifteen 
;i«»  in  a  saturated  corrosive  sublimate  solution  just  before 
»  .   .    ^  I  he  >cvtions,  which  may  be  cut  in  celloidin  or  paraffin,  are 

\..,   knI  VI  s»«c  to  ihrtc  minutes  in  a  ^f/c  aqueous  solution  of  acid  fuch- 
•     ^t,  and  placed  in  a  I  ^.  aqueous  solution  of  phosphorao- 
V-  to  ten  minutes,  and  then  washed  in  two  changes  of 
>*^U4.      lik>  Ai<  uow  suuncd  in  the  following  solution  for  two  to  twenty 
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minutes:  Griibler's  aniline  blue  soluble  in  water,  0.5  gm.  ;  Grubler's 
orange  G,  2  gm.  ;  oxalic  acid,  2  gm.  ;  distilled  water,  100  c.c.  After 
staining,  the  sections  are  washed  in  water  and  dehydrated  in  95^  alcohol, 
blotted  on  the  slide,  and  cleared  in  xylol  and  mounted  in  xylol  balsam. 
The  connective-tis.sue  fibers  and  reticulum  stain  blue. 

Dr.  Sabins  modification  of  this  method  deserves  mention.  Fix  in 
Zenker's  fluid,  cut  in  |:»araffin,  and  fix  sections  to  the  slide  wnth  the  water 
method.  After  removing  the  paraffin,  stain  sections  in  yV%  ^^'^  fuchsin 
untd  red,  and  without  washing  fix  in  a  saturated  aqueous  solution  of 
phosphomolybdic  acid  diluted  ten  times  for  about  ten  minutes.  Wash  in 
95*y(r'  alcohol  and  stain  for  a  very  short  time  in  the  following  solution  : 
Griibler's  aniline  blue  soluble  in  water,  i  gm. ;  orange  G,  2  gm.  ;  oxalit; 
acid,  2  gm.  ;  tioiling  water,  100  c.c.  Wash  in  alcohol,  blot  on  the  slide, 
clear  in  xylol  and  mount  in  xylol  Iialsam. 

Digestion  Method  for  Demonstrating  the  Connective-tissue 
Framework  of  Org^ans  and  Tissues  (Mall,  Spalteliolz,  tloehl, 
Flint). — For  bringing  out  the  framework  of  white  filirous  and  reticular 
fibers  of  organs  and  tissues  digestion  by  means  of  trypsin  may  be  recom- 
mended. For  the  account  here  given  we  follow  Flint.  The  tissues  are 
fixed  in  graded  alcohol,  corrosive  acetic,  or  Van  Gehuchten's  chloroform- 
acetic -alcohol  mixture.  After  complete  dehydration,  small  pieces  of 
tissue,  not  to  exceed  3  mm.  in  thickness,  are  placed  in  paper  cups  and 
dropped  into  a  Soxhlet  apparatus  and  extracted  with  ether  for  a  period 
of  six  to  eight  days  in  order  to  free  the  tissue  of  the  fat.  After  the  fat 
has  l)een  removed,  the  tissues  are  brought  into  water,  through  graded 
alcohol,  and  then  digested  in  pancreatin.  (Griibler's  pancreatin  is  rec- 
ommended ;  that  of  Park,  Davis  &  Co.  may  be  u.sed. )  The  pancreatin 
solution  to  be  used  is  made  by  adding  as  much  pancreatin  as  can  be  taken 
up  on  the  end  of  an  ordinary  scalpel  handle  to  100  c.c.  of  a  0,5^ 
solution  of  bicarbonate  of  soda.  This  solution  is  changed  every  forty- 
eight  hours.  To  prevent  putrefaction  enough  chloroform  is  added  lo 
cover  the  bottom  of  the  dish.  The  digestion  is  continued  until  the  cell- 
ular element  has  been  removed — five  to  ten  days.  It  is  often  necessarj' 
to  repeat  the  fat  extraction  and  digestion  several  times.  After  the  cellu- 
lar elements  have  been  removed  the  tissue  is  thoroughly  wa.shed  in  flowing 
water,  and  may  then  be  mounted  in  glycerine  and  studied  with  a  stereo- 
scopic microscope,  or  it  may  be  dehydrated  and  iml)edded  in  telloidin 
an*!  sectioned.  Such  sections  may  then  be  stained  in  fuchsin  and  thor- 
oughly washed  in  alcohol  ;  this  removes  the  stain  from  the  celloidin, 
leaving  only  the  connective  tissue  stained. 

S/iiii!  DiXtstion, — The  method  may  also  be  applied  for  digesting 
tissues  on  the  slide.  Fix  as  above  descriV)ed,  imbed  in  paraffin,  and  cut 
very  thin  sections  which  are  fixed  to  the  slide  by  the  water  method. 
Remove  the  paraffin  and  place  the  sections  from  alcohol  into  the  Soxhlet 
apparatus,  where  they  are  extracted  with  ether  for  a  number  of  hours. 
Bring  the  sections  through  graded  alcohol  into  water,  in  which  they  re- 
main several  hours.  The  sections  are  now  digested  in  the  above-men- 
tioned pancreatin  solution  for  several  hours  lo  several  days,  or  until  the 
cellular  elements  have  been  removed.  Wash  carefully  in  water.  The 
remaining  connective  tissue  may  now  be  stained  in  iron -lac  hematoxylin 
or  in  an  a<iueous  solution  of  lotuidin  l»lue  or  in  an  aqueous  solution  of 
fuchsin.      Dehydrate,  clear,  and  mount. 
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tissues  can   be   obtained    in    lobules  and   in   small 

ihe  mesenteries  of  small  animals.     As  a  rule,  the 

globule  hides  from  view  the  nucleus  and  protoplasm 

Tir  teler  structures  can  be  brought  out  by  the  subcutaneous 

aitrate  solution,  this  forming  the  edematous  elevation 

Fresh  fat  is  soluble  in   ether  and    chloroform, 

be  heated.      Strong  sulphuric  acid  does  not  dis- 

ide  from  the  root  of  the  henna  plant  color  fet 

in  ethereal  oils).     Quinolin-bhie,  dissolved 

fax  a  dark  l)iue.      If  a  40'/,'    potassium   hydrate 

aAAedi   everything    will    become    decolorized    except 

K  aBportaot  reagent  for  demonstrating  adipose  tissue  is 

»  Bixtar»).      Small    pieces   of  adipose    tissue  are 

WwTS  with  a  o.$^t  to  i  '/c  osmic  acid  solution  ;  if 

■k  acjd  l)c  used,  the  specimens  are  generally  im- 

lOB^er  period.    The  pieces  are  then  washed  with 

^pbced  direcdy  into  aliohol  of  full  strength,  as 

A^  become  intensely  black  (  Fleniming,  Hg),  but 

jneoding  strei^gth.     When  treated  in  this  way  the 

mtft  iotense  stain  than  the  other  tissues,  which, 

10  some  extent.      Fat  that  has  been  subjected 

dissolves  readily  in  turpentine,  xylol,  toluol, 

dificulty  in  oil  of  doves,  and  not  at  all  in 

are  best  carried  from  chloroform  into 

aioed  with  osmic  acid  t:an  be  decolorized 

scdsnens  are  placed  in  a  jar  of  alcohol  in 

xMond  have  been  previously  placed.      Hydro- 

o  t^)  and  the  vessel  tightly  sealed  (P. 

Mconimended  Sudan  lllasa  stain  for  fat. 

r«o  *'a)"S  :   (  I )  Either  the  animals  are  (ed 

-  ili\^,  in  which  case  all  the  fat  will  be 

\ed  pieces  of  tissue  or  sections  are 

uubt  be  done  in  media  that  ilo  not  dis- 

r^s  ftittd,     A  saturated  alcoholic  solution 

^  _  jct  from  five  to  ten  niinute>.      The 

_  ^>«|fc«l  and  tnoanled  in  glycerin.      The 

M^  ^^  been  very  satisfactory. 

-^)*  ^ctifaige  are  examined  after  separating 

ikemin  indifferent  fluids.     Cartilage 

ejpisternum  or  scapula  of  a  frog  is 

larger  pieces  of  uncalcified  carti- 

■it  thin  sections  with  a  razor  moist- 

tSc  microscope  such  sections  show 

.^  ^-^^  _apsules  containing  cartilage -cells, 

jMi  iathe  process  of  cutting,  in  which 


jablinuite  are  by  far  the  best  ftx-  < 
be  calcified,  it  is  fixed  for  some 
_Bractsas  a  decalcifying  agent. 
veil,  it  causes  shrinkage  of  the 
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cells.      The   ground    substance  may   be  specificaJly  colored    by  certain 
reagents,  safranin  producing  an  orange  and  hematoxylin  a  blue  stain. 

On  treating  cartilage  by  certain  methods,  systems  of  lines 
appear  in  its  ground  substance,  possibly  indicating  a  canalicular  sys- 
tein  in  the  cartilage.  In  order  to  maJce  these  structures  visible,  Woltere 
recommends  staining  thin  sections  for  twenty-four  hours  in  a  dilute  solu- 
tion of  Delafield's  hematoxylin  (violet  blue).  They  are  then  treated 
with  a  concentrated  alcoholic  solution  of  picric  acid. 

The  capsules  are  seen  to  best  advantage  if  small  pieces  of  car- 
tilage are  treated  with  a  i  9J7  solution  of  gold  chloHd. 

Connective-tissue  and  elastic  fibers  in  cartilage  are  easily 
demonstrated  by  staining  the  specimens  with  picrocarmifi.  The  con- 
nective-tissue fibers  are  colored  a  pale  pink,  the  elastic  fibers  yellow. 
The  latter  may  also  be  stained  with  a  i^r  aqueous  solution  of  acid 
fiichsin. 

If  a  section  of  fresh  cartilage  be  placed  in  a  weak  solution  of 
iodo-iodid  of  potassium  <  Lugol's  solution),  glycogen  can  sometimes 
be  seen  in  the  cartilage -eel  Is,  stained  a  peculiar  mahogany  brown.  If 
elastic  fibers  be  present,  they  also  are  stained  brown,  Imt  of  a  different 
shade. 

Thin  bone  lamellae,  stich  as  occur  in  the  walls  of  the  ethmoidal 
cells,  can  he  i  leaned  of  all  the  soft  parts  and  examined  without  further 
manipulation.  If  larger  bones  are  scraped  with  a  sharp  knife,  pieces 
suitable  for  microsco|»ic  examination  are  sometimes  obtained. 

Microscopic  Preparation  of  Undecalctfied  Bone. — A  long  bone 
is  thoroughly  freed  troni  fat  and  other  soil  parts  liy  allowing  it  lo  macerate, 
after  which  it  is  thoroughly  washed  and  dried,  thus  freeing  it  from  its 
organic  material.  Then,  by  means  of  two  parallel  cuts  with  a  saw,  as 
thin  a  disc  as  possible  is  cut  out.  The  section  is  now  ground  still  thin- 
ner, either  between  two  hones  or  upon  a  piec  e  of  glass  covered  with 
emery.  One  surface  of  the  bone  is  then  polished  and  fastened  by  means 
of  heatetl  Canada  balsam  to  a  thick  square  plate  of  glass  with  the 
polished  side  toward  the  gUiss.  Care  should  be  taken  that  no  air-bubbles 
are  inclosed  between  the  section  and  the  glass.  As  soon  as  the  specimen 
is  fmnly  adherent,  the  other  side  is  ground  upon  theemer}'  plate  or  hone, 
during  which  manipulation  the  glass  to  which  the  bone  has  been  fastened 
is  held  between  the  fingers.  As  soon  as  the  section  is  sufficiently  thin 
and  transparent,  it  is  polished.  In  order  to  remove  the  Canada  balsam 
and  powdered  bone  froni  the  section,  the  glass  and  bone  are  dried  and 
placed  in  some  solvent  of  Canada  balsam,  such  as  xylol.  This  loosens  the 
specimen  from  the  glass,  after  which  it  is  immersed  in  absolute  alcohol, 
thoroughly  washed,  and  dried  in  the  air.  On  examining  the  bone 
through  the  niit  ros^opc,  its  lacunne  will  appear  black  on  a  colorless  back- 
ground. The  reason  is,  that  the  air  has  taken  the  place  of  the  evapo- 
rated alcohol  and  the  spaces  apj^ear  black  by  direct  light.  Sections 
thus  prepared  may  be  permanently  mounted  as  follows :  Small  pieces 
of  dry  Canada  lalsam  are  placed  both  upon  a  slide  and  a  cover- 
glass  and  warmed  until  they  have  become  fluid,  then  allowed  to 
cool  unlit  a  thin  film  forms  over  the  balsam  ;  the  bone  dis<:  is  then 
placed  upon  the  lialsam  on  the  slide  and  quickly  covered  with  the 
cover-glass.      \  firm   pressure  will   evenly  distribute  the  balsam,  and  if 
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B  done  with  sufficient  rapidity  the  air  will  have  been 
S|iMes  of  the  bone  before  the  Canada  balsam  has  had 
t  l»4BMr  line  spaces. 

idhjUHLis  rosy  be  used  to  demonstrate  the  spaces  in 

^T5^  reoMnincnds  the  following  method:     A  few  c.c. 

akobolk  solution  of  anilin  blue  (which  is  soluble  in 

Mkle  in  vaier  and  sodium  chlorid  solution )  are  placed 

^Asb  containing  the  dry  l>one.     The  solution  is  ver)^ 

k  the  alcohol  may  othenvise  ignite.     The  specimen, 

ikr«9i«Rd  on  lx)th  surfaces  by  a  blue  powder,  is  taken  out 

■laiOilihAss  plate  until  thoroughly  clean.     While  being 

meikMld  be  kept  moist  by  a  solution  of  sodium  chlorid. 

t»  ikre^aponiing  dish,  the  air  is  driven  from  the  spaces  and 

iiftK  mAb  bhie.     As  already  stated,  anilin  l>lue  is  insoluble 

cMMrf  ^oiaboii,  and  it  therefore  remains  unaffected  by  the 

t  of  grinding  and  cleaning.      Hence  it  remains  in 

li  of  the  bone,  which  then  apjjear  blue.     The 

tkm  b*  Mounted  in  glycerin-sodium  chiond  and  the  edge 

.  ^ca&rd  with  varnish,  or  the  section  may  be  washed  for 

a  order  to  remove  the  sodium  chlorid),  dried, 

»  ^i  v'.aaadk  ttalsam  as  directed. 

fUtd  10  the  study  of  the  hard  and  soft  jiarts  together 

*>%   voft  Koch    in   studying   corals.     The   specimen 

dk  Ve a  long  bone,  the  marrow  cavity  should  fimx  be 

t^isiieapent  to  come  in  coulact  with  all  parts  of  the 

^liiehonc  is  stained  and  then  placed  in  al>solute 

sly  lichydrated  the  pieces  are  placed  in  chloro- 

CHftd' Canada  balsam  in  chloroform,  and  finally 

( A  tCMperature  of  about  50*'  C.  for  from  three  to 

iMMT  the  pieces  are  completely  penetrated  by 

4»  the  Utter  l)ecomes  very  hard  on  cooling,  the 

— ,>cik1  without  difficulty.     Long  as  this  pro- 

:he  one  which  enables  us  to  see   the  soft 

relationship  the  least  changed  by  manipu- 

juttkhgc,  there  sometimes  occur  amoq)hous 

-'/  Itmc-salts.     Upon  the  addition  of  acetic 

\\X  bubbles:  upon  the  addition  of 

•>.  .1  be  Ibrmed — crystals  of  gypsum. 

.Lie,  with  the  exception  of  the  oxalate 

)  s^rpurin  stains  calcium  carbonate  red. 

tiic  constituents  of  bone,  it  must 
suiUible  for  sectioning — /.  ^.,  the 
lat  without  destroying  the  cellular 
decalcification  consists  in  substi- 
for  those  of  the  bone  salts. 
-w  :ormed,  soluble  in  water  or  in 
nsclves. 

'  r.juently  used  arc  : 
-olution),  used  in  quantities 
volume  of  the  specimen.    The  solution 
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is  changed  daily,  and  the  lione  remains  immersed  until  it  is  soft  enough 
to  be  cut.  This  stage  is  reached  when  a  needle  ran  l>e  introduced  with 
DO  resistance. 

{fi)  An  aqueous  solution  of  nitric  acid  \w  strengths  of  3^;  to  \o'fcy  ac- 
cording to  the  delicacy  of  the  specimen,  and  of  a  specific  gravity  of  1.4. 
Instead  of  water,  70  "yj^  alcohol  niay  l>e  used  as  a  solvent  for  the  acid. 
Thoma  has  recommended  for  this  purpose  a  solution  consisting  of  i 
vol.  nitric  acid  of  a  specific  gravity  of  1.3,  and  5  vols,  alcohol.  This 
fluid  is  changed  daily  and  decalcifies  small  objects  in  a  few  days.  The 
specimens  are  then  washed  several  times  in  lo'^/c  alcohol  to  remove 
as  much  as  possible  of  the  acid.  95%  alcohol,  with  the  addition 
of  a  little  precipitated  calcium  carbonate,  has  been  recommended  for 
washing  sections  that  have  been  treated  by  Thoma' s  method.  After  from 
eight  to  fourteen  days  the  specimens  are  again  wa.shed  with  clear  95^ 
alcohol. 

(f)  The  process  of  decalcification  recommended  by  v.  Ebner  (75)  is 
of  considerable  value,  as  it  also  reveals  the  fibrillar  structure  of  the 
bone  lamellae.  A  cold  saturated  solution  of  sodium  chlorid  is  diluted 
with  1  vols,  of  water,  and  2^  of  hydrochloric  acid  added.  This  fluid 
decalcifies  very  slowly,  and  must  either  be  changed  daily  or  a  small 
quantity  of  hydrochloric  acid  occasionally  added.  .\s  soon  as  the'  speci- 
men is  thoroughly  decalcified,  it  ts  washed  with  a  half-saturated  solution 
of  sodium  chlorid.  A  little  ammonia  is  now  added  from  time  to  time 
until  the  reaction  of  the  fluid  and  bone  is  neutral. 

{d )  Very  small  pieces  that  contain  very  little  lime-salts,  as,  for  in- 
stance, bones  in  an  embryonal  condition  where  calcification  has  only  just 
begun,  can  be  deprived  of  their  lime  salts  by  naeans  of  acid  fixing  solu- 
tions like  Flemming's  fluid,  chromic  acid,  picric  acid,  etc. 

((T)  Bone  should  be  first  fixed  in  some  one  of  the  fixing  fluids  and 
then  decalcified. 

Scb mod's  Method  for  Demonstrating:  the  Bone  Corpuscles 
and  their  Processes  in  Decalcified  Preparations. —  fhe  tissues  are 
fixed  in  Miiller's  fluid  or  in  Miiller's  fluid  with  formalin,  decalcified  in 
V.  Ebner's  fluid,  and  imbedded  in  celloidin.  The  sections  are  stained 
in  either  of  the  following  ihionin  solutions:  concentrated  50^  alcoholic 
thionin  solution,  10  c.c;  i  per  cent,  carbolic  acid  water,  90  c.c;  or 
concentrated  50'/^  alcoholic  thionin  solution,  10  c.c;  distilled  water, 
100  c.c;  liquor ammoniit,  10 drops.  Bring  sections  from  waterjnto  the 
slain,  in  which  they  remain  from  five  to  ten  minutes  or  longer.  Rinse 
sections  in  water,  and  place  them  in  a  saturated  aqueous  solution  of  pic- 
ric acid  for  one  to  two  minutes  or  longer.  Rinse  in  water  and  wash  in 
70^;  alcohol  until  no  more  slain  is  given  olT.  Dehydrate  in  alcohol, 
clear  in  xylol,  and  mount  m  balsam.  The  bone  corpuscles  and  processes 
are  stained  brownish- black,  the  ground  substance  yellow,  the  cells  red- 
violet. 

SchmorV  s  method  for  staining  the  boundary -sheaths  of  the  bone  cor- 
puscle: Harden,  decalcify,  imbed,  and  stain  as  in  the  preceding 
method.  After  staining  wash  in  water  for  two  minutes  or  longer  ;  rinse 
in  ali.ohol  for  one-half  minute,  and  again  rinse  in  water  and  place  the 
sections  in  a  saturated  aqueous  solution  of  phosphomolybdic  or  phospho- 
tungstir  acid  for  three  minutes  or  longer  ;  wash  in  water  which  needs  to 
be  changed  frequently  for  ten  minutes.  The  sections  are  now  plated  for 
three  to  five  minutes  in  a  io'/<j  aqueous  solution  of  liquor  ammoniaj,  after 
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which  they  are  washed  in  90^  alcohol,  dehydrated,  cleared  in  xylol, 
and  mounted.  The  I toun<Jary -sheaths  are  stained  bluish-black,  the  bone 
cells  dark  blue,  and  the  hone  substance  light  blue. 

Fibers  of  Sharpey. — Sections  treated  by  RanvJer's  method  show  the 
perforating  fibers  of  Shar])eyas  bright,  sharply  defined  ribbons,  appearing 
as  streaks  or  circles,  according  to  the  section  made  (longitudinal  or  trans- 
verse). If  decalcified  specimens  be  first  rendered  transparent  by  glacial 
acetic  acid,  and  then  immersed  for  a  minute  in  a  1  oncentrated  a«|ueous 
solution  of  indigocarmin,  washed  with  water,  and  then  mounted  in  gly- 
cerin or  Canada  balsam,  the  fibers  of  Sharjiey  will  a(jpear  red  and  the 
remaining  structures  blue.  Thin  se<  lions  of  bone  can  be  deprived  of 
their  organic  elements  by  bringing  them  for  from  one -half  a  minute  to  a 
minute  into  a  ])latiniim  crucible  at  a  re<i  heat.  In  such  preparations  cal- 
cified Shaq;ey's  fibers  may  be  seen  (Kolliker,  86). 

Virchow's  bone  corpuscles  may  be  isolated  in  the  following 
manner :  Very  thin  fragments  or  discs  of  bone  are  immersed  for  some 
hours  in  concentrated  nitric  acid.  They  are  then  placed  on  a  slide  and 
covered  with  a  cover-glass  ;  pressure  with  a  needle  upon  the  latter  will 
isolate  the  lacunae,  and  occasionally  also  their  numerous  processes,  the 
canal  iculi. 


C  MUSCULAR  TISSim. 

Almost  all  the  muscles  of  vertebrates  have  their  origin  from  the 
middle  germinal  layer.  In  the  simplest  t>'pe  the  protoplasm  of  the 
formative  cell  changes  into  contractile  muscle  substance,  the  cell  in 
tlie  meantime  undergoing  a  change  in  shape  (unstriped  musclc-ccll). 
In  other  cases  contractile  fibrils  are  formed  which  are  separated  by 
the  remains  of  the  undifiercntiatcd  protoplasm  (striped  muscle-cells). 
In  this  case  the  cells  cither  increase  very'  little  in  length  and  possess 
only  a  single  nucleus  (heart  muscle),  or  they  grow  considerably 
longer  and  develop  many  nuclei  (voluntary  skeletal  and  skin 
muscles). 

A  peculiarity  ^^i  musclc-subslatice  is  that  it  contracts  in  only 
one  direction,  while  undifferentiated  protoplasm  contracts  in  all 
directions. 

I.  NONSTRIATED  MUSCLE-CELLS. 

The  smooth,  unstriped.  or  nonstnated  muscle-cells  belong  to 
involuntary  muscle,  ani.1  are  found  in  t5ie  walls  of  the  intestine. 
trachea,  and  bronchi,  geiiito-urinary  appt^ratus,  blood-vessels,  in 
certain  glands,  and  also  in  connection  with  the  hair  foUicles  of  the 
skin.  The  involuntary  mu.sclc-cells  are  spindle-shaped  cells,  which 
are  40-200  /i  long  and  3-8  /i  broad.  The  longest  arc  found  in  the 
pregnant  uterus,  where  they  attain  a  length  ot"  500  «.  At  the  thick- 
ened middle  portion  of  the  cell  is  a  long  rod-like  nucleus,  typic  of 
this  class  of  cells.  Nonstnated  muscle-cells  are  doubly  refractive 
— anisotropic.  The  cell  substance  is  longitudinally  striated,  the 
striation  being  due  to  relatively  coarse  fibrils  situated  in  the  outer 
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Nucleus. . 
Protapl^m.  • 


portion  of  the  cell  substance  (M.  Heidenhain,  Schaper,  Benda). 
These  fibrils  have  a  longitudinal  course,  and  probably  run  the  en- 
tire lengtli  of  the  cell;  whether  they  branch  and  anastomose  must 
be  regarded  as  an  open  question.  In  the  interior  of  the  cell  sub- 
stance there  are  found  much  finer  fibrils,  which  branch  and  anasto- 
mose. Between  the  fibrils  there  is 
found  a  homogeneous  substance, 
which  we  may  know  as  the  sarco- 
plasm,  in  which  granules  are  often 
seen,  situated  at  the  poles  of  the 
nuclei.  It  is  generally  stated  that 
nonstriated  muscle-cells  are  united 
into  membranes  and  bundles  by  a 
small  amount  of  intercellular  cement 
substance  which  may  be  darkened  by 
silver  nitrate.  Recent  investigations 
have,  however,  revealed  the  fact  that 
nonstriated  muscle-cells  are  encased  in 
delicate  connective  membranes,  which 
membranes  unite  to  form  compart- 
ment-like spaces,  of  fusiform  shape,  in 
which  the  muscle-cells  are  found. 
These  membranes  are  not  to  be  re- 
garded as  cell- membranes — sarco- 
lemma — since  one  membrane  serves 
as  the  sheath  for  two  contiguous 
muscle-cells  (Schaffer,  v.  Lcnhossek, 
Herineberg).  The  existence  of  such 
membranes  is  clearly  shown  in  invol- 
untary muscle  tissue  subjected  to 
trypsin  digestion.  In  such  preparation 
stained  in  iron- lac- hematoxylin  it 
may  be  observed  that  the  membranes 
are  not  complete,  but  are  fenestrated, 
showing  a  varying  number  of  round 
or  oval  openings  (Henneberg).  The 
membranes  are  also  clearly  shown  in 
tissue  fixed  in  corrosive  sutDlimate  and 
stained  in  Mallory's  differential  con- 
nective-tissue stain,  the  membranes 
showing  as  delicate  blue  lines  while 
the  muscle-cells  are  stained  of  a  red 
or  orange  color.  (See  Fig.  92.)  Ac- 
cording to  certain  observers  (Kultschitzky,  Barfruth),  nonstriated 
muscle-cells  are  thought  to  be  joined  b\^  intercellular,  protoplasmic 
bridges.  It  may,  however,  be  clearly  shown  that  such  intercellular 
bridges  are  artifacts,  due  to  peripheral  vacuolization  and  to  shrinkage 
of  the  muscle-cells  (Schaffer,   v.    Lenhossek,   Henneberg).     What 


Fig.  92. — Nonstriated  muscle 
from  the  intestine  of  k  est.  >;  300- 
<j,  Isolated  muscle-cell ;  b,  from 
cro<'i-seclion  of  nonstriated  muscle, 
stained  after  Mallory's  differential 
connective  tissue  stain.  Observe 
the  apparent  difference  in  iiite  of 
the  cross-cut  cefls;  four  of  the  cells 
show  nuclei  ;  the  black  lines  separ- 
atjnj^'  the  cells  represent  the  connec- 
tive-tissue membranes.  <,  Cross- 
sections  of  the  connective  tissue 
meuibranes  separating  iuvolunlary 
nujscle-cells ;  </,  an  area  showing 
so-called  intercellular  bridges;  ihey 
are  attached  to  (he  connective  tissue 
membranes  surrouinling  the  cells 
(Mallory's  differential  connective- 
tissue  stain). 
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v^  as  inbrrcdluUr  bridges  may  readily  be  seen  in 

pccpurttxon.   stained    in    Mai  lory's   differential 

m»,  especially  in  portions  of  the  preparation  not 

^  mat  jfKfM9tkH\  tlie  so-called  intercellular  bridges 

•»«te^"?5ve  neaibranes  separating  cells,  to  which  they 

":  they  do  not  penetrate.     Nonstriated  muscle- 

tuB.  3»  OKScnchyme.    (Exceptions  to  this  statement 

^upii  *li  Ylle  apnstriated   muscular  tissue  of  the  iris 

ifiN^bodSs  where  tiie  muscular  tissue  appears 

^Lfcwteiuui  cells.)     The  nuclei  of  the  mesen- 

tmd  become  rod-shaped,  with  oval  ends,  while 

skoped.  the  protoplasm  staining  somewhat 

■^  tiMt  of  the   surrounding    mesenchymal  cells. 

►  A  tike  ^nrdopoient  of  nonstriated  muscular  tissue 

^SIMND  UUSCLE-FIBERS. 

w-  ^^'in^^titalkMI  of  the  mesodcrni  begins,  certain 
:ttttes  or  myotomes  commence  the  forma- 
e.!>(iiuss  »  dKir  interior,  a  process  which  is  accom- 
^UktigtSiMIBibrr  of  nuclei,  the  formation  of  a  mem- 
^1^  of  lh«  celis«  and  the  appearance  of  librils  in 
of   irtc  cells. 

Freeen<Ui«. 


Fig.  94. — M u&cle-fiber  from 
one  of  Uic  (xrulur  muscles  of  a 
X    wiU  '^tkw^vrniuij^  tuc       rabbit,    showing    its    frc-c    end ; 
X  «75- 

'.\;i^  tMWkdcHxIls  are  large,  highly  differen- 

V    .'   /.   M  IS  attain  a  length  of  12  cm.,  with 

I -V  < jucntly  known  as  nmscle-fibers, 

^  |iMU«tcd ;  the  ends  attached  to  tendon 
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Kach  striated  muscle-fiber  consists  of  a  delicate  membrane,  the 
sarcoUmma^  a  muscle  protoplasm,  in  which  are  recognized  ver>'  fine 
fibrils  and  a  semifluid  interfibrillar  substance  fthe  sarcoplasni)  and 
the  muscle  nuclei.  The  sarcolemma  is  a  very  delicate,  transparent, 
and  apparently  structureless  membrane,  whicli  resists  stronp;  acetic 
acid,  even  after  boilinj,'  for  a  long  time.  If  \vc  examine  in  an  indif- 
ferent fluid  fresh  muscle-fibers,  the  contents  of  which  have  been 
broken  without  rupturing  the  sarcolemma,  we  may  see  this  sheatli 
as  a  fine  i^rlistenin.rj  line.     (Fig-  95-) 

The  fibrils  of  the  muscle-protnplasm  constitute  the  contractile 
part  of  the  muscle-fiber.  They  are  exceedingly  fine  and  extend  the 
entire  length  of  the  muscle-fiber.  These  fibrils  are,  however,  not  of 
the  same  composition  throughout,  but  are  made  up  of  segments 
which  show  different  physical  properties  and  stain  differently.  The 
structure  of  the  fibrils  may  be  expressed  in  the  form  of  a  diagram 
(Fig.  96)  giving  the  more  recently  expressed  views  of  the  structure 
of  these  fibrils.  The  fibrils  present  alternating  darker  and  lighter 
segments,  which   taken  together  give  the  striation  which  is  so  char- 
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Fig.  95. — Striated  musclefibcr  of  frog,  showing  sarcolemma. 


acteristic  of  striated  muscle.  The  darker  segments  are  slightly 
longer,  are  doubly  refracting,  anisotropic^  and  in  general  stain  more 
deeply  than  do  the  lighter  segments,  which  are  slightly  shorter  and 
are  singly  refracting,  isotropic.  The  darker  segments,  known  as  the 
transverse  discs,  or  Briicker's  lines,  are  indicated  in  the  diagram  by 
the  letter  Q  ;  the  lighter  segments,  known  as  the  intermediate  discs 
of  Krause,  are  indicated  by  the  letter  j.  In  the  intermediate  discs 
of  Krause  there  is  found  a  dark  line,  which  is  doubly  refractive, 
which  is  known  as  Krause's  membrane  (z)  (Grundmembran),  and 
which,  according  to  certain  observers  (M.  Heidenhain,  J.  B.  Mac- 
Call  um).  is  condnuous  through  the  fibril  bundles,  as  will  be  stated 
more  fully  later.  This  membrane  divides  disc  j  into  two  equal 
parts.  The  transverse  disc  (q)  is  likewise  divided  into  equal  parts 
by  a  narrow,  isotropic  band,  known  as  the  median  disc  of  flensen, 
and  designated  by  the  letter  h.  In  the  median  discs  of  Hensen — 
H — there  is  found  a  thin  membrane,  known  as  the  median  mem- 
brane o(  M.  Heidenhain,  and  designated  as  m,  which,  like  the  mem- 
brane of  Krause,  is  continuous  through  the  fibril  bundles,  uniting 
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the  fibrils  (M.  Hddenhain).  By  grouping  the  unequally  refracting 
substances  (or  unequally  staining  substances)  a  fibril  may  be  divided 
into  successive  portions  or  protoplasmic  metameres  which  may  be 
termed  sarcomeres  (Schafer)  and  which  are  bounded  b}'  the  mem- 
brane of  Krausc  (z).  In  such  a  sarcomere  or  muscle-casket  we 
may  recognize,  beginning  with  Krause's  membrane,  z,  an  isotropic 
intermediary  disc,  }  ;  an  anisotropic,  transverse  disc,  q,  divided  by 
a  less  refracting  Hensen's  disc.  H,  into  two  equal  paits.  Ilensen's 
disc  showing  the  median  membrane  of  Heidenhain,  m  ;  again  an  iso- 
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Fig.  96.— Dioigmm  of  the 
structure  of  i\\c  tibiib  nl'  11  ntri- 
Bleil  lMUw:lc -tiber.  The  light 
spaces  between  the  fibrils  niay 
represent  the  sarcoplasm. 
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i'ig'  97- — I  diagrams  of  the  Irflnsverse  slria- 
linn  in  the  muscle  of  an  arlhru))oil ;  lu  the  right 
with  ihe  objective  above,  to  the  left  wilb  I  he  ob- 
jective below  its  norninl  focal  diMance  (after  Rol- 
letl,  85 ) :  Q,  Transver!*e  tli?ic  ;  //,  median  disc 
(Hensen)  ;  £,  temiinal  disc  (Merkcl);  A\  acces- 
sory disc  (  Kagelmonni  ;   /,  JMiiropic  Mjbstancc, 


tropic  intermcdian  disc,  j,  and  Krause's  membrane,  z,  Krause's 
membrane,  as  above  stated,  is  continuous  across  the  small  bundles 
into  which  the  fibrils  arc  grouped,  and  is  also  attached  to  the  sar- 
colcmma  (M.  Heidenhain,  J.  B.  MacCallum).  This  is  shown  to  the 
left  in  Fig.  96,  where  the  sarcolemma  appears  festooned,  with 
Krause's  membrane  attached,  thus  indicating  clearly  the  sarcomeres. 
One  of  the  best  objects  for  the  study  of  transverse  striati<.»n  is 
the  muscle  of  some  of  the  arthropods  (beetles).      In  the  striated 
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muscle  of  beetles  and  other  arthropods  there  is,  however,  a  furthci 
division  into  isotropic  and  anisotropjc  substance.  Here  it  will  be 
noticed  that  the  disc  j  is  separated  by  an  anisotropic  disc,  known  as 
the  accessory  disc  of  Engelman,  and  designated  by  the  letter  N,  into 
an  isotropic  disc  j,  next  to  the  anisotropic  transverse  disc  g,  and  an 
isotropic  disc,  known  as  Merkel's  terminal  disc,  and  designated  by 
the  letter  e,  situated  next  to  Krause's  membrane  (z).  (See  lower 
portion  of  Fig.  96.)  The  muscle  fibrils  present  a  different  appear- 
[ance  when  focused  high  than  they  do  when  focused  low,  a.s  nuiy  be 
l^een  from  the  diagram  given  in  Fig.  97;  those  parts  which  appear 
light  on  high  focusing  appear  dark  on  deep  focusing. 


Sarcoplasm. 


Cohnhcim's 
area. 


^i.  Sarcoletnnu. 


Sarcoplasm. 


Cohiiheim's 
area. 


^.. Sarcoplasm. 

Fibrils. 

^^. .  .  Sarcolemma. 


Fig.  98.  —  Transverse  section  through  striated  muscle-fibers  of  a  rabbit.  I  and  3, 
from  a  muscle  of  the  lower  extremity;  2,  from  a  lingual  muscle  ;  V  900.  la  2,  Cohii- 
heim^s  fields  are  di:>tinct ;  in  i,  lessi  dearly  shown ;  in  3,  the  mu:icle<6bnls  are  more 
evenly  distributed. 


It  has  recently  been  suggested  by  J.  H.  MacCallum  that  Krause's 
membrane  with  tlie  primitive  fibrils  foim  a  continuous  network  in 
the  muscle-fiber,  the  meshes  of  which  would  be  fairly  regular,  the 
fibrils  of  such  a  network  which  run  parallel  to  the  long  axis  of  the 
muscle-fiber  being  larger  than  the  cro.ss  fibrils.  Such  a  network  is 
not  to  be  confused  with  a  network  which  may  be  brought  out  on 
staining  striated  muscle-fibers  with  crnld  chlorid,  which  network  is 
due.  in  part  at  least,  to  a  staining  of  the  sarcoplasm. 

The  ultimate  fibrils  are  grouped  into  small  bundles  (0.3-0.$  fi  in 
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diameter),  forming  tlx^fibnl bundies  or  muscU'Columns  of  Kolliker.  In 
the  muscle-columns  the  fibrils  are  so  placed  that  the  larger  segments 
fall  respective!)'  in  the  same  plane.  (See  Fig,  96.)  The  same  disposi- 
tion of  the  fibrils  prevails  in  all  the  numerous  muscle-columns  form- 
ing a  muscle-fiber,  and  all  the  muscle-columns  bear  such  a  relation 
to  each  other  that  the  larger  segments  of  the  fibrils  fall  in  the  same 
plane.  The  semifluid,  interfibrillar  substance,  the  sarcoplasm,  pene- 
trates  between  the  fibrils  of  the  muscle-columns  and  separates  these 
from  each  other  and  from  the  sarcolemma.  In  fresh  preparations  the 
substance  forming  the  fibrils  appears  somewhat  darker  and  dimmer, 
while  the  sarcoplasm  appears  clearer.  The  sarcoplasm  is  found  in 
greater  abundance  between  the  muscle-columns  than  between  the 
fibrils  in  the  columns.  The  sarcoplasm  between  the  muscle-columns 
appears  in  the  form  of  narrower  or  broader  lines,  parallel  to  the 
long  axis  of  the  muscle-fibers,  giving  the  cross -striated  muscle-fiber 
also  a  longitudinal  striation.  The  sarcoplasm  between  the  muscle- 
columns  is  seen  to  best  advantage  in  cross-sections  of  the  muscle- 
fiber.  Here  it  appears  in  the  form 
of  a  network  in  closing  the  mus- 
cle-columns. Thus,  we  have  in 
a  cross-section  slightly  darker 
areas,  the  cross-sections  of  the 
muscle-columns,  known  as  Cobn- 
hiim's  Jit'lds  or  areas,  separated 
bv  the  network  of  sarcoplasm. 
(Fig.  98.) 


f^'K-  99- — From  a  striated  muscle  of 
man  ;  obtaine<l  l>y  teo^ing ;  X  uoo.  h^  A 
median  disc  lying  in  ihe  liansverse  disc  Q; 
I,  llic  memljmiie  of  Krause  borders  nbove 
«nd  below  on  the  light  isotropic  discs. 


Fig.  100. — Fmm  n  cross-section 
ihrnugli  the  trap«zius  muscle  of  man, 
shifwitig  dark  fibers  rich  in  protoplasm, 
and  light  fibers  Cuutnining  very  liule  pro- 
toplasm (after  SchnlTer,  93,  II) ;  r/,  Dark 
fibers;  a,  light  fibers;  b  and  (,  transitional 
6bers  from  light  to  dark. 


In  figure  99  is  shown  a  portion  of  a  striated  muscle-fiber  of 
man  ver}-  highly  magnified.  The  larger  and  darker  transverse  disc 
{Q)  formed  by  the  larger  .segments  of  fibrils  is  divided  by  a  light 
Ijne  (H),  Hensen's  median  disc;  the  clearer  band,  largely  isotropic 
substance,  is  divideil  by  a  dark  line,  the  membrane  of  Krause,  z. 

After  a  prolonged  treatment  with  98  ^c  alcohol  the  musclc-fibcrs 
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of  the  water-beetle  {^Hydrophilus  pkcus)  can  be  made  to  separate 
into  transverse  discs  (RoUet,  85)^  One  of  these  discs  would  cor- 
respond to  the  sej^ment  (?,  and  it  is  ver>'  probable  that  this  is 
the  portion  which  has  long  been  known  under  the  name  of  Bow- 
man's disc.  Other  reagents,  as  weak  chromic  acid,  cause  a  separation 
of  the  muscle-substance  into  lony^itudinal  fibrils.  In  this  case  the  discs 
Q  are  split  up  longitudinally  into  a  number  of  ver>'  small  columns 
which  were  at  one  time  regarded  as  the  primary  elements  of  the 
fiber  and  termed  by  Bowman  sarcous  dements. 

In  adult  skeletal  and  skin  muscle-fibers  of  mammalia  the  posi- 
tions of  the  nuclei  vary,  There  are  muscles  in  which  the  nuclei  are 
imbedded  in  the  sarcoplasm  between  the  muscle-columns  (so-called 
red  muscles,  as  the  semitcndinosus  of  the  rabbit)  ;  in  other  muscles 
they  lie  immediately  beneatli  the  sarcolenima  (white  muscles,  as  the 
semimembranosus  of  the  rabbit  ;  Raiivier,  89).  In  the  striated  mus- 
cle-fibers of  the  lower  vertebrates  and  of  mammalian  embryos  the 
nuclei  lie  between  the  fibrillse,  or  muscle-columns.  The  red  muscle- 
fibers  are  rich  in  sarcoplasm,  and  the  fibrils  are  grouped  in  well- 
marked  and  large  muscle-columns  surrounded  by  sarcoplasm  which 
often  contains  granules  of  various  sizes,  the  interstitial  grauuks  of 
Kolliker,  often  especially  abundant  at  the  poles  of  the  nuclei.  The 
white  muscle-fibers  have  a  relatively  small  quantitj'  of  sarcoplasm. 
In  cross-sections  of  the  light  fibers  the  fibrils  show  as  fine  points,  not 
distinctly  grouped,  and  surrounded  by  the  homogeneous  sarcoplasm. 
Both  varieties  occur  in  almost  ever)'  human  muscle,  and  the  relative 
number  of  each  varies  greatly  in  the  different  muscles  (Schaffer,  93. 
II.  Fig.  100). 

Muscles  with  trans\'ersely  striated  fibers  are,  with  the  exception 
of  those  of  the  heart,  subject  to  the  will  of  the  individual,  and 
are  characterized  by  a  rapid  contraction  in  which  the  anisotropic 
substance  increa.ses  in  size  at  the  cost  of  the  isotropic  discs  ;  the 
former  appears  to  play  the  chief  role.  Besides  morphologic  dif- 
ferences, the  XQik  and  white  muscle-fibers  appear  to  possess  diflt;r- 
ences  of  a  physiologic  character,  in  that  the  contraction  in  the  red 


Fig.   101. — Branche<i,  striated  muscle-libet  from  ihc  tongue  uf  A  dug. 


variety  is  slower  than  that  in  the  white  (Ranvier,  80).  Only  the  stri* 
ated  muscles  of  the  esophagus,  the  external  c remaster,  and  a  few 
others,  as  well  as  the  somewhat  differently  constructed  muscles  of 
the  heart,  are  involuntary. 
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Transversely  striated  muscle-fibers  are  usually  unbranched. 
The  muscle-fibers  of  the  tongue  and  of  the  ocular  muscles  do.  how- 
ever, show  occasionally  communicating  branches  ;  the  same  are 
but  very  rarely  seen  in  other  muscles.  In  regions  where  striated 
muscle-fibers  terminate  under  the  epithelium,  as  in  the  tongue  and 
in  the  skin  of  the  face,  the  end  of  the  fiber  terminating  under  the 
epithelium  is  often  very  much  branched  ;  the  cross-striation  and 
nuclei  may  be  observed  in  the  finest  branches.      (Fig.   1 01.) 

Each  mu.scle-fiber  is  surrounded  by  a  thin  connective-tissue  en- 
velope, the  emiomjsuim,  which  binds  them  into  primary  and  second- 
ary bundles,  the  muscle-fasciculi.  These  are  surrounded  by  a 
denser  sheath  of  similar  character,  the  pcrimysiiim.  The  muscle  is 
made  up  of  numerous  fasciculi,  all  bound  together  by  a  thicker  con- 
nective-tissue covering  J  the  epimysium,     (Fig  I02.) 

Blood-vessels  are  very  numerous  in  transversely  striated  mus- 


Nucleus. 
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hubsLancc. 

i—  Nucleus. 


Fiji.  »04.  Fig.  105. 

Longitudinal  and  cro<*<^- sect  inn  of  muscle-fibers  from  ihe  human  tnyt»cardiuni,  hard- 
ened in  alcohol  ;  X  640.  'Ihe  mijs<lc  cells  in  ihe  lonjjitwlinal  «ieclion  art  ntjl  sliarply 
defined  from  each  otlier,  and  *i|Ji>ear  as  polynuelear  fibers  bleJiding  with  each  other. 
Ueiween  them  lie,  here  and  there,  connective-tissue  nuclei. 

cular  tissue.  One  or  several  arteries  cntier  each  mu.scle  and  form 
superficial  and  deeper  pk-xust^s  by  anastrnnosis.  In  these  plexuses 
the  arteries  are  accompanied  by  veins.  On  reaching  the  perimysium 
the  arteries  give  off  terminal  branches  which  run  transversely  over 
the  muscle  fasciculi,  at  quite  regular  intervals.  From  these  branches 
precapillaries  and  capillaries  are  given  off  which  have  a  course 
which  is  in  general  |jarallcl  to  the  muscle-fibers ;  these  capillaries 
an.t.stomose  frequently  and  collect  to  form  small  veins,  which  are 
situated  between  the  terminal  arterial  branches,  the  terminal  arterial 
and  venous  branches  thus  alternating  in  such  a  way  that  one  venous 
branch  is  situated  between  two  arterial  branches  or  vice  versa.  The 
veins,  even  the  smallest,  are  provided  with  valves  (Spalteholz). 
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mi^  lesdoa  the  muscle-fiber  witli  its  sarcolemma 
>  a  Mont  point,  the  fibrils  of  the  tendon  being 

I  powth  of  muscle-fibers  takes  place  principally 

r  fibers, at  which  point  their  nuclei  are  numer- 

^tt^«^  Sckaffer  (93,  II)  has  recently  suggested  that 

f  II  nhwnr  between  the, tendon  and  muscle-substance, 

.  -« cikr  oar  band,  muscle-fibers  are  developed,  and,  on 

■1^  aHaedi«^•tissue  fibrils  and  cells  are  formed. 

_  ;  have  shown,  the  development  of  muscle 

•-t^fturut  tht  fife  of  the  individual.      Muscular  tissue  is 
l^Brded  as  in  a  perpetual  stage  of  transition, 
L«iw  viaUHn^itCM-)-  reproduction  of  its  elements  going 
^^estniction  is  ushered  in  by  a  process  which 
l»«^lgfsio]ogic  contraction.     Nodes  or  thickened 
-■r^  nrf at  these  points  the  muscle-substance  separates 
•A  «!C  without  nuclei  (sarcolytes),  which  are  then 
im&AQBWS  without  phagocytic  aid.     This  loss  of  sub- 
vert ^  •cw  elements  developed  from  the  free  sarco- 
.llimctenicd  by  rapid  growth  and  increase  in  the 
v-^<t     The  result  is  that  new  elements  are  formed 
catM  mri»^asfs.      The  process  by  which  myo- 
i'*c  finished  muscle-fibers  is  exemplified  in 
vclopnient  of  the  tissue. 
Voluntary   Muscle-fibers. — The    striated, 
Qssuc,  as  above  stated,  de\  clops  from  the  myo- 
Mfaag^  diflfcrentiated  portions  of  the   mcso- 
■    Mcs  air  developed  round  or  oval  cells  known 
.  .  j',-\>lifenite  by  mitotic  cell  division.     According 
ovit*  v»t'  certain  observers,  the  myoblasts  elongate  and 
\vpcJ,  while  the  nuclei  proliferate,  without  an  ac- 
->.»«  ^^'  the  cell   body,  to  form  the  muscle-fibers, 
'  ><■  fCgardcd  as  polynu clear  cells  developing  from 
I  XT  observers,  notably  Godlewsky,  state  that  only 
>v  muscle-fibers  develop  in  this  way,  the  majority 
a  Utaoti  of  myoblasts,   forming  a  svncytium,  a 
thMS  a  s)iicytial  structure  developed  from  a  var>'- 
^<bUsts. 
-,.*•  *wv  llbril^  are  difl^erentiated  from  tlie  protoplasm  of 
iwHiiJ^  «^)X«blastS.      NVhen  first  seen,  they  present  a  uni- 
.\  a«Kl  only  later  can  a  dilTcrentiation  into  isotropic  and 
Sst3Mace  be  recognized.     The  discs  q  and  j  appear 
t»  iM*  the  sarcomeres  somewhat  later.     The  first 
!  ^ngitudinally  to  give  rise  to  new  fibrils.      Em- 
>.:l-  tis^suc,  even  after  striation  of  the  fibers  may 
[^^  rv^iivx  ji  vcr>-  cotn|)act  tissue  with  only  narrow  inter- 
.k^xM  tNc  cvlU      In  the  furtlicr  development  of  this  tissue 
.  tnbr\*onic    muscle-fibers    undergo    degeneration 
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(Bardeen,  Godlewski),  and  mesenchymal  tissue,  blood-vessels,  and 
nerve-fibers  make  tlieir  appearance  between  the  developing  muscle- 
fibers. 

CARDIAC  MUSCLE. 

Cardiac  muscle  or  heart  muscle  is  striated  muscle,  but  differs 
physiologically  and  structurally  from  voluntarj-  striated  muscle.  It 
resembles  involuntar)-  muscle  in  that  it  is  not  subject  to  the  will. 
Heart  muscle  after  fixation  with  many  reagents  used  in  the  labora- 
tories, and  when  treated  with  macerating  fluids,  or  subjected  to  the 
action  of  silver  nitrate,  appears  to  consist  of  irregularly  shaped  ob- 
long cells,  cemented  end-to-end  to  form  heart  muscle-fibers;  such 
fibers  appear  to  anastomose  by  means  of  side  processes  possessed  by 
the  cells.  A  number  of  recent  investigators,  notably  v.  PIbner 
and  M.  Heidenhain,  have,  however,  shown  that  what  has  been  re- 
garded as  cement  lines  uniting  cells  are  to  be  otherwise  interpreted, 
since  they  are  known  to  bound  nonnucleated  areas  of  heart  nujscle, 
and  since  the  contractile  fibrils  possessed  by  heait  muscle  pass 
through  such  lines  without  interruption.  It  would  appear,  there- 
fore, that  heart  muscle  must  be  regarded  as  a  syncytium  in  which 
no  distinct  and  separate  cells  occur,  but  rather  of  a  complex  plexus 
of  branching  and  anastomosing  fibers  which  differ  in  size  and  shape. 
Heart  muscle-fibers  consist,  as  was  shown  for  voluntary  striated 
muscle-fibers,  of  contractile,  primitive  fibrils,  which  are  grouped  into 
fibril  bundles  or  muscle  columns,  between  which  there  is  found  un- 
differentiated protoplasm,  the  sarcoplasm.  They  are  surrounded  by 
a  sarcolemma,  which  differs,  however,  from  the  sarcolemma  of  volun- 
tar>'  muscle-fibers  in  not  bdng  so  well  developed.  The  primitive 
fibrils  present  the  same  structure  as  described  for  similar  fibrils  of 
-voluntary  muscle,  each  sarcomere  consisting  of  Krause's  membrane, 
z;  two  intermediary  discs,  j;  tiie  transverse  disc,  q,  bisected  by 
Hensen's  median  disc,  H.  which  in  turn  contains  the  median  mem- 
brane of  Heidenhain.  m.  (See  Fig.  96.)  Krause's  membranes  (z) 
and  tlie  median  membranes  (m)  extend  across  the  fibril  bundles ; 
the  former  are  attached  lo  the  sarcolemma  (M.  Heidenhain).  The 
primitive  fibrils  are  grouped  into  fibril  bundles  or  muscle  columns, 
which  in  cross-sections  are  often  band-shaped  and  are  placed  radially 
with  reference  to  the  center  of  the  heart  muscle- fibers.  The 
sarcoplasm  is  present  in  relatively  larger  quantit)'  tiian  in  voluntary 
striated  muscle,  especially  between  the  fibril  bundles,  giving  the 
fibers  a  distinct  longitudinal  striation.  The  primitive  fibrils  pass 
uninterruptedly  through  the  anastomoses  between  the  fibers.  The 
nuclei,  which  are  round  or  oval  and  possess  a  distinct  chromatin 
network,  are  situated  near  the  center  of  the  fibers,  occurring  at  ir- 
regular intervals,  and  are  surrounded  by  an  axial  core  of  undifferen- 
tiated protoplasm,  in  which  arc  found  granules  which  stain  in  basic 
stains,  also  fat  droplets,  and,  especially  in  older  individuals,  pigment 
granules.  The  structures  which  have  been  regarded  as  intercellular 
10 
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cement  lines  may  be  especially  stained  in  certain  anilin  stains.  In 
such  preparations  it  may  be  seen  that  they  often  do  not  extend 
through  an  entire  fiber,  are  frequently  irregular,  often  prescntinij 
the  appearance  of  steps,  and  now  and  then  involve  only  one  or  two 
fibril  bundles.  They  are  frequently  seen  to  bound  portions  of  a 
muscle-fiber  which  are  nonnucleated.  They  are  looked  upon  by 
M.  Heidenhain  as  representing^  grouth  areas.  See  Fig.  io6,  in 
which  such  intercalated  growth  areas  (cement  lines?) are  represented 
darker  than  the  remaining  structures. 

Heart  muscle-fibers  are  surrounded  by  delicate  connective-tissue 
sheaths,  very  much  as  described  for  nonstriated  muscle  tissue. 
These  are  well  shown  in  tissue  fixed  in  corrosive  sublimate  and 
stained  after   Mallory's    differential   connective-tissue   stain.      The 


Fig.  Io6. — Longitudinal  section  of  heart-muscle  of  a  grown  individuaU  fixed  in  cor- 
rosive subli  in  ate  and  stained  in  hetnntein :  a.  Intercalated  disc  (so-called  cement  line); 
^,  nucleus  of  heart  muscle-tiher ;  -r,  red  bloodcorpuAclci ;  t/,  nucleus  of  blood  capillary. 


fibers  are  grouped  into  bundles  or  fasciculi  which   are  surrounded 
by  internal  perimysium. 

Dc'flopmcnt  of  Heart  Musch-tissue. — Heart  muscle-tissue  de- 
velops from  the  mesenchyme,  and  shows  from  the  beginning  a 
syncytial  structure,  in  that  the  cells  are  united  by  protoplasmic 
branches  (von  Ebner.  M.  Heidenhain,  Gadlewsky).  As  development 
proceeds,  the  interspaces  between  the  cells  become  smaller  and  the 
protoplasmic  bridges  larger  and  more  prominent,  forming  a  distinct 
sync>tium,  through  which  the  nuclei  are  scattered.  In  this  syncytial 
protoplasm  are  developed  the  contractile  fibrils,  which  may  be  traced 
uninterruptedly  for  long  distances.  These  fibrils  show  at  first  a 
imiform  structure,  and  later  differentiate  into  isotropic  and  aniso- 
tropic discs.  Q  and  j  discs  appearing  first  as  in  voluntary  striated 
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muscle,  and  later  the  other  parts  of  the  sarcomeres  (Godlevvsky). 
It  may  be  stated  that,  according  to  J.  B.  MacCallum  (and  other 
observers),  the  heart-muscle  develops  from  spindle-shaped  cells 
lying  close  together  in  the  protoplasm  of  which  there  is  found  a 
fairly  regular  network.  As  development  proceeds,  fibrils  or  fibril 
bundles  which  run  parallel  to  the  long  axis  of  the  cells  make  their 
appearance  at  the  nodal  points  of  this  net\vork. 

The  muscle-cells  of  the  so-called  yf^fr^  uf  Piirkinjc  lie  immediately 
beneath  the  endocardium,  and  are  remarkable  in  that  their  proto- 
plasm \s,  only  partially  formed  of  transversely  striated  substance,  and 
that  only  at  their  periphery.  Such  cells  are  found  in  great  numbers 
in  some  animals  (sheep),  but  rarely  in  man.  Heart  muscle  has  a 
rich  blood  supply,  which  will  be  considered  more  fully  when  the 
heart  is  discussed  as  an  organ. 

For  the  nerve-endings  in  smooth  and  striated  muscle-fibers  see 
the  chapter  on  Nervous  Tissues. 

TECHNIC. 

Fresh,  striated  muscle-fibers  uiay  l^>e  isolated  by  teasing  them  in 
an  indifferent  fluid.  After  a  short  time  the  sarcolemma  may  separate  as 
a  very  fine  membrane.  If  a  freshly  teased  muscle  be  placed  in  a  cold 
saturated  solution  of  ammonium  carbonate,  the  sarcolemma  will  become 
detached  in  plaees  within  five  minutes  (Solger,  89,  III). 

Striated  muscle-fibers  may  be  examined  in  an  extended  condi- 
tion by  placing  an  extremity  in  such  a  position  as  to  stretch  certain 
groups  of  muscles.  \  subcutaneom  injection  of  0.25-0.5  c.c.  of  a  x^jf, 
osmit:  acid  solution  is  then  made.  The  acid  penetrates  between  the  fibers 
and  fixes  them.  Pieces  of  muscle  are  then  rut  out  and  washed  in  dis- 
tilled water.  Teased  fibers,  even  if  not  stained,  will  show  the  stria- 
tion  plainly  if  mounted  in  glycerin.  Muscles  thrown  into  a  state  of 
tetanic  contraction  by  electric  stimulation  may  also  be  fi-xed  in  this  state 
and  later  examined. 

Cross-sections  of  muscles,  extended  and  fixed  in  osmic  acid, 
also  show  the  relation  of  the  fibrils  to  the  sarcoplasm  f  Cohnheim's  fields). 
A  remarkable  quantity  of  sarcoplasm  in  proportion  to  the  number  of 
fibrils  is  seen,  for  instance,  in  the  muscles  which  move  the  dorsal  fin  of 
hippocampus  ;  among  the  mammalia  a  similar  condition  is  found  in  the 
pectoral  muscles  of  the  bat  ^Rollett,  89). 

In  the  muscles  of  all  adult  vertebrates  (except  the  mammalia) 
the  nuclei  lie  between  the  fibrils.  In  young  mammalia  thev  also  have 
this  position,  but  in  the  adult  animals  only  the  nuclei  of  red  muscles 
arc  found  between  the  fibrillae  ;  in  all  other  muscles  the  nuclei  are  under 
the  sarcolemma. 

The  fibrillar  structure  of  muscle-fibers  can  be  seen  by  teasing  old 
alcoholic  preparations,  or  tissue  treated  with  weak  chromic  acid  (o.i^) 
or  one  of  its  salts. 

In  alcoholic  preparations  of  mammalian  muscle,  the  cross- 
slriation  is  clearly  seen,  and  is  intensified  by  staining  with  hemato.xylin. 
This  stain  colors  everything  anisotropic  in  the  muscle,  but  does  not  affect 
the  remaining  structures.     Similar  results  may  be  obtained  with  other 
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Stains,  such  as  basic  anilin  dyes,  but  not  wiih  the  same  precision  as  with 
hematoxylin. 

A  certain  species  of  beetle  (  Hydtophilus)  is  admirably  adapted 
for  the  study  of  the  finer  details  of  stria tion.  The  beetle  is  first  wiped  dry 
and  then  immersed  alive  in  93*/}  alcohol.  On  examining  in  dilute 
glycerin  after  from  twcniy^four  to  forty-eight  hours,  the  substance  of 
its  muscles  will  show  disintegration  into  Bowman *s  discs  (77V/.  p,  141). 
The  latter  swell  n\)  in  acids  and  arc  finally  dissolved,  as  may  be 
seen,  by  adding  a  drop  of  formic  acid  to  a  specimen  prepared  as  above 
(Rollet,  85). 

In  order  to  study  the  relation  of  muscle  to  tendon,  small  mus- 
cles with  their  ;endoiis  are  put  into  a  35^/^1  potassium  hydrate  solution  for 
a  quarter  of  an  hour,  after  which  the  specimen  is  placed  upon  a  slide  and 
teased  at  the  line  of  junction  of  the  two  tissues.  This  will  separate  the 
muscle-fiber%  from  their  respective  tendon -filinls  (  Weismann). 

Similar  results  may  be  obtained  by  immersing  a  frog  in  water 
at  a  temperature  of  55°  C.»  in  which  the  aninial  soon  dies  with  musiies 
perfectly  rigid.  As  soon  as  the  water  begins  to  cool  (  one-quarter  hour) 
the  frog  is  removed  and  a  small  piece  of  its  muscle  cut  out  and  teased  in 
water  on  a  slide  (Ranvier). 

Cardiac  muscle -cells  are  isolated  by  maceration  for  twenty-four 
hours  in  a  20 '/^  solution  of  fuming  nitric  acid  ( potassium  hydrate  with  a 
specific  gravity  of  1.3  will  do  the  same  in  one-half  or  one  hour).  The 
margins  of  the  cells  may  be  brought  more  clearly  into  view  by  placing 
pieces  of  heart  muscle  for  twenty-four  hours  in  a  0.5%  aqueous  solution 
of  silver  nitrate  and  then  cutting  into  sections. 

Isolated  fibers  of  Purkinje  are  obtained  by  immersing  pieces 
of  endocardium  (0.5  mm.  in  size)  in  -^fYlt  alcohol  and  then  teasing 
them  on  a  slide.  The  sheep's  heart  is  especially  well  adapted  for  this 
purpose. 

Nonslriated  muscle-fibers  are  isolated  in  the  same  way  as  heart 
muscle.  In  thin  cross-sections  ( under  5  /i  in  thickness)  of  intestinal 
muscle,  preferably  of  a  cat,  fixed  in  osmic  acid,  the  intercellular  bridges 
may  be  seen  here  and  there  between  the  fibers. 


D.  THE  NERVOUS  TISSUES. 

The  entire  nervous  .system,  peripheral  as  well  as  central,  is  com- 
posed of  cells  possessinij  one  or  many  processes.  These  cells 
develop  early  in  embryonic  life  from  certain  ectodermal  cells  {neuro- 
blasts)  of  the  neural  canal,  which  is  formed  by  a  dorsal  invagination 
of  the  ectoderm.  The  neuroblasts  soon  develop  prcicesses, — many 
of  them  in  loco,  others  only  after  wandering  from  the  neural  canal. 

The  processes  of  the  nerve-cells  are  of  two  kinds:  (1)  un- 
branched  processes  having  a  nearly  uniform  diameter  throughout, 
with  lateral  offshoots  known  as  collateral  branches  ;  these,  as  we 
shall  see,  ^^enerally  form  the  central  part  of  a  nerve-fiber,  and  are 
known  as  ncitraxts  (Deiters*  processes,  axis-cylinder  processes, 
ncurites,  neuraxones  or  axones) ;  and  (2)  processes  wliich  branch 
soon  after  leaving  the  cell-body  and  break  up  into  many  smaller 
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branches ;  these  are  the  dendrites,  dendrons,  or  protoplasmic  branches. 
In  the  spinal  ganglia  and  the  homologous  cranial  ganglia  these  mor- 
phologic differences  in  the  processes  are  not  observed,  the  neuraxis 
and  the  dendrites  of  each  presenting  essentially  the  same  structure. 

To  the  entire  nerve-cell,  cell-bod}^  and  processes  the  term 
;/i7/r<?«i{Walcleyer,  91)  has  been  applied  ;  fnttra  (Raubcr),  or  neu- 
rodendron (Kolliker,  93). 

The  neuraxcs  of  many  neurones  attain  great  length.  Those  of 
some  of  the  neurones,  the  cell-bodies  of  which  are  situated  in  the 
lower  part  of  the  spinal  cord,  extend  to  the  foot.  In  other  regions 
neuraxes  nearly  as  long  are  to  be  found,  and  in  the  majorit}'  of  neu- 
rones the  neuraxes  terminate  some  distance  from  the  cell-body.  It  is 
therefore  manifestly  impossible  \n  the  majority  of  cases  to  sec  a  neu- 
rone in  its  entirety.  Usually,  only  a  portion  of  one  can  be  studied 
in  any  one  preparation.  Consequcnth',  the  more  detailed  descrip- 
tion which  follows  will  deal  with  the  neurone  in  this  fragmentary 
manner.  The  cell-bodies  of  the  neurones,  to  which  the  term 
*' nerve-cells  "  or  "ganglion  cells"  is  usually  restricted,  the  den- 
drites and  neuraxes,  often  forming  parts  of  nerve-fibers,  and  their 
mode  of  terminating,  will  receive  separate  consideration. 


NERVE-CELLS,  OR  GANGLION  CELLS?  THE  CELL-BODIES  OF 

NEURONES. 

The  cell -bodies  of  neurones  are  usually  large.  The  bodies  of 
the  motor  neurones  of  the  human  spinal  cord  measure  75  to  150  ^, 
their  nuclei  45  /i,  and  their  nucleoli  i  5  fi.  The  smallest  ner\'e-cells, 
the  neurones  of  the  granular  layer  of  the  cerebellum,  are  4  to  g  ft  in 
diameter.  The  protoplasm  of  nerve-cells  shows  a  distinct  fibrillar 
structure  and  the  fibrils  may  be  followed  into  the  processes.  (Fig. 
107.)  Their  nuclei  are  also  large,  with  ver>'  little  chromatin,  but  as 
a  rule  are  supplied  with  a  large  nucleolus. 

After  treatment  by  certain  special  methods,  the  protoplasm  of 
the  ganglion  cells  shows  granules  or  groups  of  granules  which  show 
special  affinity  to  certain  stains,  consequently  known  as  chromato- 
phile  granules  ;  these  are  densely  grouped  around  the  nucleus,  so 
that  the  cell-body  shows  an  inner  darker  and  an  outer  lighter  por- 
tion. These  chromatophile  granules,  also  spoken  of  as  tigroid 
granules  or  as  the  tigroid  substance  (v.  Lenhossek),  as  a  rule  are  not 
arranged  in  concentric  layers,  but  lie  mostly  in  groups,  giving  to  the 
protoplasm  a  mottled  or  reticular  appearance.  In  the  cells  of  the  an- 
terior horns  (man,  ox,  rabbit)  the  granules  join  to  form  flakes,  which  are 
also  more  numerous  in  the  region  of  the  nucleus.  In  all  cases  the 
granules  or  flakes  are  continued  into  the  dendrites  of  the  cell.  Here 
the\'  change  their  shape  into  long  pointed  rods,  with  here  and  there 
nodules,  which  are  probably  the  chief  causes  of  the  varicosities  so 
often  seen  in  dendrites  (Golgi's  method).  The  cell  usually  has  a 
clear,  nongranular  peripheral  border  (not  a  membrane),  and  in  the 


A 


THE    TISSUES. 

rf  hg^  cells  there  is  a  similar  area  around  the  nucleus,  the 
r bM^GT  0^  wfakh  belongs  to  the  nuclear  membrane.  H.  Held 
bMWilhit  the  chromatophile  granules  are  brought  out  by  treat- 
;  wiH^  ateohol  and  acid  fixing  fluids,  but  not  in  alkaline  or  neu- 
Tbey  «fipcar,  according  to  the  treatment,  as  fine  or  coarse 
_  TlSor  can  not  be  seen  in  fresh  nerve-cells.     He  conse- 

yuaily  ltg>wb  them  as  artefacts — precipitations  of  the  protoplasm 
witfr  l»  t^gftgenli  {tut,  A.  Fischer).  At  its  junction  with  the  cell  the 
V  :  .\  >  x;  irads  out  into  a  cone  which  is  entirely  free  from  granules. 
4UKi  4iDMre«Uy  fitted  into  a  depression  in  the  granular  substance  of 
lilt  QeH  pBlpUntation  cone  or  axone  hillock).  The  shape,  number, 
MkI  tilt  oI*  the  tigrxMd  granules  v'ar}'  with  the  physiologic  activity  of 
n<ur\vMr«.  They  practically  disappear  from  the  neurones  in  certain 
,  -V-  vx\i  conditions  or  after  the  administration  of  poisons  which  afiect 
u^>  .   tv,titivularly  ncr\'c-cells  ;  also  after  extreme  fatigue. 

I  )k  .V  lUil.ir  sulistance  between  the  chromatophile  granules  con- 
,,x; ,  v'.v.i  v4"  vcr\'  fine,  highly  refractive  granules,  which  appear  to  be 
.»M  jn>vl  in  ;i  rcliculuni  surrounding  the  chromatophile  granules 
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'  Nucleolus. 
Fibrillar  structure. 
Medullary  sheath. 


HMJ Wittlwft V      In^  mi^iuiUrv  »hrath  of  the  neuraxts  and  dendrite  is  continued  over  the 

(N»/  NimI,  94.  and  v.  Lcnhossek,  95),  and  the  recent  observations 
.>i  ^  '''\  anil  IVthc  make  it  very'  probable  that  in  the  intergranular 
.  \\\  the  protoplasm  of  the  nerve-cell  there  exist  ver>'  fine 
lUinh  which  may  Iv  traced  uito  the  processes  of  the  cell,  and  from 
the  liiauchw  of  one  ncun»ne  in  aiul  into  the  branches  of  otiier  neu- 
n»nM  without  interruption.  It  requires,  however,  further  ob.servation 
beloic  nuMV  iKv>ilivo  >tatenKiUs  may  be  made  concerning  them. 

IWhuIc^  the  v:i»uuiks  above  mentioned,  and  which  are  revealed 
by  «|HMi.il  iui'IIuhU,  thcrv  are  found  in  the  protoplasm  of  many  of 
fho  larger  nvrvv-cclU  pigment  granules  of  a  yellow  or  brown  color 
w  tui  h  fkU\m  black  with  tvHmic  acid. 

The  ticHihitfs  arc  usually  relatively  thick  at  their  origin,  but 
IM.jihully,  a."*  a  tvhuU  of  re|x-atcd  divisions,  taper  until  their  widely 

M\\Wk\  arlM^rr^cent  ending**  appear  as  minute  threads  of  widely 

.i cnl  xhiipcj*.     When  treated   by  certain  methods,  they  present 

unovtMi  ^urlacvf*  Ktudileil  with  varicosities  and  nodules,  in  contradis- 
liuvtion  to  lli«  s,  which  arc  smmnhand  straight.    Their  ter- 

miiwl  bunch<  Jur  in  points  or  in  small  terminal  thickenings. 

Tl»c  ^jroupji  ol  ivrmmal  end-branches  of  a  dendrite  (also  of  a  neur- 
ft,\i)4)  arv  known  as  /«7i%/iWr/4f  (Rauber).  or  end-branches.     The 
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branches  of  tlie  dendrites  form  a  dense  feltwork,  which,  tojjether 
with  the  cell -bodies  of  the  neurones  and  with  other  elements  to  be 
described  later,  constitute  the  gray  substance  (gray  matter)  of  tlie 
brain  and  spinal  cord. 

All  neurones,  with  possibly  a  few  exceptions,  possess  only  a 
single  neuraxis.  Neurones  without  a  neuraxis  have  never  been 
found  in  vertebrates.  The  neuraxis  usually  arises  from  a  cone- 
shaped  extension  of  the  cell-body  free  from  chromatophile  granules, 
the  implantation  cone  or  axone  hillock,  more  rarely  from  the  base  of 
one  of  its  dendrites,  or  from  a  dendrite  at  some  distance  from  the  cell- 
body.  Its  most  important  characteristics  are  its  smooth  and  regular 
contour  and  its  uniform  diameter.  At  some  distance  from  the  ceil- 
body,  usually  near  its  termination,  now  and  then  in  its  course,  a 
neuraxis  may  divide  into  two 
equal    parts.      Golgi  (94)  called 

attention  to  the  fact  that  the  neu-  |^     ^^/p^'k. 

raxes  of  certain  neurones  (Pur- 
kinje's  cells  in  the  cerebellum, 
pyramidal  cells  of  the  cerebral 
cortex,  and  certain  cells  of  the 
spinal  cord)  give  off  lateral  pro- 
cesses, the  collateral  branches.  ilftfiSJ-ftV 
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Fig.  lo8.-^Chromiitop!iile  granules  of 
•  ganglion  cell  from  the  Gasscrian  ganglion 
of  a  teleost :  a^  Nucleus ;  b,  implantation 
cone. 


Fig.  109. — NeiA'e-cell  from  the  ante- 
rior horn  of  the  spinal  ctjrd  of  an  ox, 
showing  coarse  chromatophile  flakes. 


Two  types  of  cell  are  recognized  according  to  the  disposition  of 
their  neuraxes  :  In  the  first  the  neuraxis  is  continued  as  a  nerve- 
fiber  ;  in  the  second  and  rarer  type  it  does  not  long  preserve  its 
independence,  nor  is  it  continued  as  a  nerve- fiber,  but  soon  breaks 
up  into  a  complicated  arborization,  the  ntiiropodia  of  Kulliker(93). 
The  latter  type  of  cell  occurs  in  the  cortex  of  the  cerebrum  and 
cerebellum  and  in  the  gray  matter  of  the  spinal  cord.  The  cells  of 
the  two  types  can  be  simply  described  as  having  long  (t>'pe  I)  or 
short,  branched  neuraxes  (type  II).  The  neuraxes  of  the  cells  of 
type  I  possess  the  collateral  branches  which  end  in  small  branching 
tufts. 

In  its  simplest  form,  a  neurone  con.sists  of  a  cell-body  and  a  neu- 
raxis with  its  telodendrion.    In  more  complicated  types  one  or  several 


"preaent,  as  also  collaterals  from  the  neiiraxis,  and 
even  several  neu raxes.  According  to  the  number  of 
»  a  gan^^lion  cell   is   known  as    unipolar,  bipolar,  or 
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N«ur;ixis. 


-Neuracia. 


Dendrite. 


bcm  ihe  anlciior  horn  of  the  spinal  cord  of  a  new-born  c«t 
Chrome-silver  method. 


;  present  a  great  variety  of  morphologic  dif- 
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enable  a  determination  of  their  source.  A  few  of  the  most  charac- 
teristic types  are  here  figured  and  may  receive  brief  consideration. 
In  the  anterior  horn  of  the  spinal  cord  are  found  large  multipolar 
neurones  (motor  neurones),  with  numerous  dendrites,  which  termi- 
nate after  repeated  branching  in  the  neighborhood  of  the  cell-body, 
while  the  neuraxis  with  its  collateral  branches  proceeds  from  the 
cell-body  and  becomes  a  part  of  a  nerve-fiber.     (Fig.  no.) 

In  the  cerebellum  are  found  large  neurones,  discovered  by  Pur- 
kinje,  and  known  as  Purkinje's  cells,  with  flask-shaped  cell-body,  from 
the  lower  portion  of  which  arises  a  neuraxis  with  collateral  branches, 


Branching  of  a.    --TT^ 
dendrite.  / 


Neuraxis  and 
collaterals. 


Fig.  112. — Pyramidal  cell  from  the  cerebral  cortex  of  man ;  chrome-silver  method : 
a,  ^,  r,  Branches  of  a  dendrite. 

from  the  upper  portion  one  or  two  very  large  and  typic  dendrites 
the  smaller  branches  of  which  are  beset  with  irregular  granules. 
(Fig.  III.) 

In  the  cortex  of  the  cerebrum  occur  large  neurones,  each  with  a 
cell-body  the  shape  of  a  pyramid  (pyramidal  cell  of  the  cerebral 
cortex),  from  the  apex  of  which  arises  one  large  dendrite,  and  from 
angles  at  the  base,  or  from  the  sides  of  the  cell -body,  several  smaller 
dendrites.  The  neuraxis  arises  from  the  base  directly  or  from  one 
of  the  basal  dendrites.     (Fig.  112.) 
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In  figure  1 13  is  shown  a  neurone  with  relatively  small  cell-body 
and  short  dendrites,  from  the  granular  layer  of  the  human  cere- 
bellum. 

The  function  of  the  dendrites  has  given  rise  to  considerable  dis- 
cussion. Gol|,q  and  his  school  regard  them  as  the  nutrient  roots  of 
the  cell,  a  theory  which  is  opposed  by  Ramon  }'  Cajal  (93,  I  ),  \^an 
Gehuchten  (93,  I),  and  Retzius  (92,  II).  According  to  the  latter, 
all  the  processes  of  the  nerve-cell  are  analogous  structures  ;  they 
pass  out  from  a  sensitive  element,  and  probably  have  a  correspond- 
ingly uniform  function. 

In  the  spinal  ganglia  and  the  homologous  cranial  ganglia,  are 
grouped  the  cell-bodies  of  neurones  {peripheral  sen.sor)'  neurones, 
peripheral  centripetal  neurones)  which  differ  in  many  respects  from 
those  above  described.     In   the  peripheral   sensorj'  neurones  the 


k ._  fjeuraxis. 


>~  Tclodecdrlon. 


»  Noclcns. 


Fijf.  113. — Ncrve-ccIl  with  dendrites 
ending  in  claw-like  telodendm ;  from  the 
granular  layer  of  the  humun  cerebellum  ; 
chrome-silver  method  ;  x  I  lo. 


Fig.  114, — Ganglion  cell  with  a  pro- 
cess dividing  at  a  (T-shaped  process);  from 
a    spinal  ganglion   of  the    frog ;    X  ^3P' 


ncuraxcs  and  dendrites  have  essentially  the  same  structure,  both 
forming  part  o{  a  ner\'e-fiber.  From  a  relative!)'  large,  nearly  round, 
oval,  or  pear-shaped  cell-body  there  arises  a  single  process,  which, 
at  a  variable  distance  from  the  cell -body,  divides  into  two  branches 
forming  a  right  or  obtuse  angle  with  the  single  process  (T-shaped 
or  Y-shaped  division  of  Ranvier,  78).  Both  of  these  branches  form 
the  central  axis  of  a  ner\e-liber  ;  one  of  the  branches  passing  as  a 
nei-ve-fiber  to  the  spinal  cord  or  brain,  as  the  case  may  be  ;  the  other 
forming  a  nerve-fiber  which  passes  to  the  periphery.  (Figs.  1  [4  and 
115.) 

The  ganglion  cells  of  the  spinal  ganglia  and  homodynamic 
structures  of  the  brain  are  therefore  apparently  unipolar  cells,  but, 
as  Ranvier  has  shown,  their  processes  are  subject  to  a  T-shaped  or 
Y-shaped  division.     The  branches  going  to  the  periphery  are  re» 
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g^BO^ed  as  dendrites,  the  others  as  neuraxes.     As  to  the  significance 
to  be  attached  to  the  single  process,  the  theory  of  v.  Lenhossek 


—  .Dendriik 


^ntnaii. —  J 


Fig.  115. — Ganglion  cell  from  the  Gasserian  ganglion  of  a  rabbit ;  stained  in  meihylene- 

blue  {infra  vitam). 

(94,  I)  that  it  represents  an  elongated  portion  of  the  cell,  and  that 
therefore  the  origin  of  the  dendrite  and  that  of  the  neuraxis  are  in 
this  case  close  together,  is  very  plausible.  In  the  embr>'0  these 
ganglion  cells  are  at  first  bipolar,  a  process  arising  from  each  end, 
of  a  spindle-shaped  cell ;  as  de- 
velopment proceeds,  the  two  pro- 
cesses approach  each  other  and 
ultimately  arise  from  a  drawn-out 
portion  o(  the  cell  -  body,  the 
single  process.     (Fig.  116.) 

The  sympathetic  ganglia  are 
composed  mainly  of  the  cell- 
bodies  and  dendrites  (also  some 
structures  to  be  mentioned  later) 
of  neurones  of  the  sympathetic 
ner\'ous  system.  In  nearly  all 
vertebrates,  and  with  but  few  ex- 
ceptions in  any  one  ganglion, 
these  neurones  are  multipolar  and 
resemble  morphologically  the 
multipolar  ganglion  cells  of  the  anterior  horn  of  the  spinal  cord, 
though  they  are  somewhat  smaller.   1  n  the  cell-body  there  may  be  ob- 


Fig.  116. — Three  ganglion  cells  from 
a  spinal  ganglion  of  a  rabbit  embryo.  Tlie 
celk  are  still  bipolar.  Their  processes 
come  together  in  later  stages,  and  finally 
form  the  T-shaped  structure  seen  in  the 
adult  animal;  chrome  -  .<iilver  method; 
•    170. 
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served  fine  chromatophile  granules  am!  a  larfje  nucleus  and  nuclealus. 
From  the  cell-body  there  proceed  a  varying  number  of  dendrites 
which  branch  and  rebranch  and  terminate,  as  a  rule,  near  the  cell- 
body,  forming  plexuses  in  the  ganglia.  The  neuraxis  arises  either 
directly  from  the  cell-body  from  an  implantation  cone,  or  from  one  of 
the  dendrites  at  a  variable  distance  from  the  cell-body.  (Fig.  1 17.) 
In  nearly  all  ganglia  a  few  unipolar  or  bipolar  cells  are  to  be  found. 
In  the  sympathetic  nervous  system  of  amphibia  the  sympathetic 
neurones  are  unipolar  ;  the  single  process  present  is  the  neuraxis. 

A  most  important  result  of  the  more  recent  investigations  on  the 
nervous  system  is  the  theory  of  the  independence  of  the  neurone. 
Each  neurone  develops  from  a  single  cell  (neuroblast),  and  func- 
tionates as  an  independent  cell  under  physiologic  and  pathologic 
conditions.  Only  verv''  rarely  has  any  direct  connection  between 
two  neighboring  neurones  been  demonstrated,  so  rarely  that  the 


\ 


Fig.  iiy.^Neurone  from  inferior  cerrical  sympalhetjc  ganglion  of  a  rabbit ;   methylene- 

biyc  slain. 


scattered  observations  at  hand  do  not  vitiate  the  above  statement. 
Recent  investigations  have,  however,  shown  that,  while  a  neurone  is 
a  distinct  anatomic  unit,  it  is  always  found  associated  with  other 
neurones.  Nowhere  in  the  body  of  a  vertebrate  does  one  find  a 
neurone  completely  disconnected  from  other  neurones.  This  asso- 
ciation of  one  neurone  with  one  or  several  other  neurones  is  always 
effected  by  a  close  contiguity  existing  between  the  tclodcndria 
(end-branches)  of  the  neuraxis  of  one  neurone  with  the  cell-body  or 
dendrites  of  one  or  several  other  neurones.  The  tclodendrion  of 
the  neuraxis  of  one  neurone  may  form  a  feltwork  inclosing  the  cell- 
body  of  one  or  several  neurones,  forming  structures  known  as 
terminal  baskets  or  end-baskets,  or  the  end  ramifications  of  the 
neuraxis  of  a  neurone  may  come  in  very  close  proximit\'  to  the 
end-branches  of  the  dendrites  of  one  or  several  neurones.  Py  this 
contiguity  of  the  tclodcndria  of  the  neuraxis  of  one  neurone  with 
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the  cell-bodies  or  the  dendrites  of  other  neurones,  they  arc,  without 
losing  thdr  identity,  linked  into  chains,  so  that  a  physiologic  conti- 
nuity exists  between,  them.  In  such  neurone  chains  the  dendrites 
are  regarded  as  cellulipetal,  transmitting  the  stimulus  to  the  cell  ;  the 
neuraxes  as  cellulifugal,  transmitting  the  impulse  imparted  by  the 
ceil  to  the  motor  nerve-endings  or  central  organs  (Kolliker,  93). 
The  entire  nervous  system  may  therefore  be  said  to  be  made 
up  of  such  neurone  chains,  the  complexity  of  which  varies 
greatly  according  to  the  number  of  neurones  which  enter  into 
their  construction.  This  subject  will  be  considered  more  fully 
in  a  chapter  on  the  nervous  system. 


V.|Y 


Fibrils  of  axtfll 
cord. 


Neurilemma. 


—   Segment  of 
Lauteniiiuii. 


THE  NERVE-FIBERS. 

The  neuraxes  of  tire  cells  of  t>'pe  I,  and  the  dendrites  of  the 
peripheral  sensory  neurones  (spinal  ganglia  and  homologous  cranial 
ganglia),  form  the  chief  elements  in  all  the 
nerve-fibers.  In  the  nerve-fibers  they  pos- 
sess a  distinctly  fibrillar  structure.  The 
fibrils  composing  them,  the  n.xis-fhriis,  are 
imbedded  in  a  semifluid  substance,  the 
neuroplasm  (Kupffcr»  ^'i^,  II)  the  whole 
being  surrounded  by  a  verj'  delicate 
membrane,  the  axoicmma.  In  the  nerve- 
fibers,  the  axis-fibrils  and  the  neuroplasm 
form  axial  cords  which  are  surrounded 
by  a  special  membrane  or  membranes, 
the  presence  or  absence  of  which  serves 
as  a  basis  for  a  classification  of  nerve- 
fibers.  Two  kinds  are  distinguished, 
medullated  and  nonmedullated  ner\-e  - 
fibers. 

In  medullated  nerve-fibers,  the  a.xial 
cords  (neuraxes  of  cells  of  type  I.  and 
dendrites  of  spinal  ganglion  cells)  are  sur- 
rounded by  a  highly  refractive  substance 
very   similar  to  fat,   which  is    blackened 

in  osmic  acid,  the  so-called  medullary  or  myelin  sheath.  In  a  fresh 
condition  this  sheath  is  homogeneous,  but  soon  changes  and  presents 
segments  separated  frrmi  each  other  by  clear  fi.ssures.  These  seg- 
ments vary  in  size  and  arc  known  as  "  Schmidt-I^ntennann-Kuhnt's 
segments."  On  boiling  \'[i  ether  or  alcohol  the  entire  medullary 
sheath  of  a  nerve-fiber  does  not  di.ssolve,  but  a  portion  is  left  in  the 
shape  of  a  fine  network  which  is  not  affected  b\'  exposure  to  the 
action  of  tr^-psin.  From  the  latter  circumstance  it  has  been  thought 
that  this  network  consists  of  a  substance  \Qxy  similar  to  horn,  and 
is  tlierefore  known  as  neurokeratin  (horn-sheath,  Ewald  and  Kuhne). 
On  burning  isolated  neurokeratin,  an  odur  exactly  like  that  of  burn- 


Fig.  ilS — Longitudinal 
secliuii  [tiuiugli  a  nervc-fil>er 
from  ihe  -.ciulic  nerve  t>f  a 
frog;    A,  830. 
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ing  horn  is  given  off.  It  is  thought  that  the  meshes  of  this  neuro- 
keratin network  contain  the  highly  refractiv^e  substance  similar  to 
fat,  composing  the  greater  portion  of  the  medullary'  sheath.  The 
medullary  sheath  is  interrupted  at  intervals  of  from  80  to  900  *t,  the 
constrictions  thus  formed  being  known  as  the  nodes  of  Ranz'ier.  The 
smaller  the  fiber,  the  less  the  distance  between  the  nodes.  In  a  fiber 
with  a  diameter  of  2  fi  the  interiiodal  segments  are  usually  about 
90  /i  in  length. 

In  peripheral  nerves  the  medullary  sheath  is  in  its  turn  sur- 
rounded by  a  clear,  structureless  membrane,  the  neurilemma  or 
sheath  of  Schwann.  Xerve-fibcrs  contain  here  and  there  relatively 
long,  oval  nuclei  (neurilcmma-nuclei)  which  are  surrounded  by  a 
small  quantity  of  protoplasm,  and  are  situated  in  small  excavations 
between  the  neurilemma  and  the  medullar\'  sheath.  In  the  higher 
vertebrates  a  single  nucleus  is  found  midway  between  each  two 


Connective 
tissue. 
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Fig.  1 19.— Transverse  section  through  the  sciatic  nerve  of  a  frog  ;  V  820.  At  j 
and  A  is  ft  diagonal  fissure  between  Iwo  Ijinlcrniann's  segments  ;  as  a  result^  the  medul- 
lary sheath  here  appears  double.      (Compare  Fig,  ll8. ) 

nodes  ;  in  the  lower  vertebrates  (fishes)  several  scattered  nuclei 
(5-16)  maybe  found  in  each  internodal  segment.  At  the  nodes, 
where  the  medullary  sheath  is  interrupted,  the  neurilemma  is 
thickened  and  contracted  down  to  the  axial  cord  (contraction-ring). 

Just  beneath  the  contraction-ring,  Ranvier  found  that  the  axis- 
c\'linder  presents  a  slight,  biconic  swelling  {rettfleuwttt  dicdniqut). 
f  hns  the  shcalh  of  Schwann  represents  a  continuous  tube  through- 
out the  length  f«f  the  fiber  in  contrast  to  the  medullary  sheath.  In 
the  nerve-fibers  of  the  spinal  cord  and  brain  there  is  no  neurilemma, 
although  the  medullar)-  sheath  is  present. 

In  the  fresh  nerve-fiber  the  axial  cord  fills  the  space  (axial 
space)  within  the  medullary  sheath,  and  appears  transparent. 
After  treatment  with  many  fixing  fluids  the  neuroplasm  coagulates 
and  shrinks,  no  lonj^er  filling  the  entire  axial  space,  but  appears  in 
the  latter  as  a  wavy  cord  composed  of  an  apparently  homogeneous 
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mass,  the  fibrillar  of  which  are  no  longer  recognizable.  Such  pic- 
tures, which  formerly  were  supposed  to  represent  the  normal  condi- 
tion of  the  nerve-fibers,  gave  rise  to  the  conception  of  an  axis-cyl- 
indtr  {t>id.  Technic).  That  which  is  known  as  an  axis -cylinder  is 
therefore,  in  realit>\  the  changed  contents  of  the  axial  space.  It  may 
be  stated,  however,  that  the  term  axis-cj'linder  is  still  much  used, 
since  the  methods  commonly  employed  in  the  investigation  of  the 

nervous  system  do  not 
preserve  the  axial  cord 
in  its  integrity,  but  nearly 
always  result  in  the  for- 
mation of  an  axiS'Cviin- 
dcr.  Consequently,  al- 
though we  shall  make 
use  of  the  term,  its  limit- 
ations are  to  be  kept  in 
mind. 

Medullated     nerve  - 
fibers  vary  greatly  in  di- 

Nucteus. 
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riT-.. —  Axial  cord. 
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Fig.  120.— MeduIIaled  nerve-fibere  from  a  rabbit, 
varying  in  thickness  and  showing  inlcm«xlal  segincrits 
of  ditTcrent  lengths.  In  the  fiber  ai  llie  left  the  neuri* 
lemma  has  become  slightly  separated  from  the  under- 
lying structures  in  the  region  of  the  nucleus;  >^  140. 


FTg.  121.  —  kcmak's  fibers 
(nonmedullated  fibers)  from  the 
pneumogastric  nerve  of  a  rabbit ; 
X360. 


ameter,  but  whether  this  points  to  a  corresponding  xariation  in 
function  has  not  been  fully  decided.  Fine  fibers  possess  a  diameter 
of  2-4 /i,  those  of  medium  size  4— 9  «.  and  large  fibers  9-20  « 
(Kolliker,  93).  A  division  of  medullated  fibers  during  their  course 
through  a  nerve  is  relatively  rare.  The  greater  number  of  fibers  pass 
unbranched  from  their  central  origin  to  the  periphery,  and  only  when 
in  tlie  neighborhood  of  their  terminal  arborization  do  they  begin  to 
divide.     A  point  of  division  is  always  marked  by  anode  of  Ranvier. 
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The  segmental  structure  of  nerve- fibers  would  seem  to  give 
the  impression  that  they  are  formed  by  a  number  of  cells  fused  end 
to  end.  After  what  has  been  said  with  regard  to  ganglion  cells  and 
their  processes,  this  can  be  the  case  only  so  far  as  the  nerv  e-sheaths 
arc  concerned.  According  to  this  theor>',  the  formative  cells  of  the 
latter  gather  in  chains  along  the  neiiraxes  or  dendrites,  forming  a 
mantle  around  them,  and  in  the  adult  nerve-fibers  taking  the  shape 
of  the  segments  or  internodes  just  described  (His,  Sy  ;  Bovcri,  85). 
The  points  at  which  the  sheath-cells  are  joined  would  then  corre- 
spond to  the  nodes  of  Ranvier.  Other  investigators  have  concluded 
that  the  wh«»le  nen,'c-ftber  is  developed  from  a  terminal  apposition 
of  ectodermal  cells.  In  this  case  nut  onl)'^  the  sheaths  of  the  fibers 
but  also  the  corresponding  portions  of  the  nerve  processes  are 
formed  by  them  (Kupffer,  90).  In  both  theories  the  neurilemma 
corresponds  to  the  cell-membrane  ;  in  the  former  the  neurilemma 
nucleus  corresponds  to  that  of  the  sht-aLh-furming  cell,  in  the  latter 
to  that  of  tlie  formative  cell  of  the  whole  nerve  segment.  It  should 
be  noticed  that,  according  to  the  second  theor\',  a  fiber  segment  is 
the  product  of  a  single  cell,  while  according  to  the  first  it  is  evolved 
from  at  least  two  cells  (ganglion  cell  (process)  and  sheath-forming 
cell).     The  former  theory'  is  now  very  generally  accepted. 

The  nonmeduHated  nerve-fibers,  Rtinak's  fibers,  possess  no 
medullary  sheath  ;  the  axial  cord  shows  nuclei  which  can  be  re- 
garded as  belonging  to  a  thin  neurilemma.  The  majority  of  the 
neuraxes  of  the  neurones  of  the  sympathetic  nervous  system  are  of 
this  structure,  although  small  niedu Hated  nerve-fibers  (the  neuraxes 
of  sympathetic  neurones)  are  found  in  certain  regions. 

All  nerve-fibers,  medullatcd  as  well  as  nonmeduHated,  in  the 
centra!  and  peripheral  nervous  systems  lose  the  sheaths  here  de- 
scribed before  terminating ;  the  axis-cyhnders  (axial  cords)  ending 
without  special  covering  (naked  axis-cylinders).  These  terminal 
branches  are,  in  fixed  and  stained  preparations,  beset  with  small 
thickenings — varicosities — which  var>'  greatly  in  size  and  shape. 
Nerve- fibers  presenting  such  appearances  are  s[)oken  of  as  varicosed 
6bers.  The  varicose  enlargements  may  be  regarded  as  small 
masses  of  neuroplasm  ;  the  fine  uniting  threads,  as  representing  the 
axial  fibrils. 

In  the  peripheral  nen'ous  system  the  nerve-fibers  are  grouped 
to  ibrm  nerve-trunks.  The  nerve-fibers,  as  has  been  stated  and  as 
will  be  seen  from  the  diagram  (I'lg.  122)  on  the  next  page,  are  the 
neuraxes  of  neurones,  the  cell-bodies  of  which  are  situated  in  the 
spinal  cord  or  brain  and  in  the  sympathetic  ganglia,  and  the  den- 
drites of  peripheral  sensory  neurones,  the  cell-botltes  of  which  are 
found  in  the  spinal  and  liomologous  cranial  ganglia. 

In  the  nerve-trunks  the  nerve-fibers  are  gathered  into  bundles 
termed  fntticuli.  The  nerve-fibers  constituting  such  a  bundle  are 
separated  by  a  small  amount  of  fibro-elastic  tissue,  containing  here 
and  there  connective-tissue  cells,  the  cmiomunum.    This  is  continu- 
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nen'e-fibers  of  the  funiculi ;  consequentl\',  the  lamellae  are  covered 
by  a  layer  of  endothelial  cells.  In  the  larger  funiculi,  septa  of 
fibrous  connective  tissue  pass  from  the  perincurial  sheath  into  tlie 
funiculi,  dividing  them  into  compartments  var\'ing  in  shape  and  size  ; 
these  arc  spoken  of  as  compouitd  funiculi.  The  funiculi  of  a  nerve- 
trunk  are  bound  tojjether  by  an  in vestinj^  sheatii  of  loost;  fibro-elastic 
tissue,  continuous  with  the  perincurial  sheaths,  which  penetrates 
between  the  funiculi,  and  which  contains  fat-cells,  blood-vessels,  and 
lymph-vessels;  the  latter  are  in  communication  with  the  lymph- 
spaces  of  the  perineuria!  sheaths. 

When  a  nerve-trunk  ilivides.  the  connective-tissue  sheaths  above 
mentioned  are  conlinued  on  to  the  branches,  and  this  even  to  the 
smallest  offshoots.  Thus,  single  fibers  even  pos.sess  a  connective- 
tissue  sheath, — Halle's  sheath, — which  consists  of  a  few  connective- 
tissue  fibers  and  of  flattened  cells. 


PERIPHERAL  NERVE  TERMINATIONS. 

According  to  the  character  of  the  peripheral  organs  in  which 
the  telodendria  of  nerve-fibers  (neuraxes  of  t>'pc  I  cells  and  dendrites 
of  spinal  ganglion  cells)  occur,  the  nerve-fibers  are  known  as  motor 
and  sensory  nerve-fibers,  the  terminations  as  motor  and  sensory 
ner\'e -en  (lings. 

Motor  Nerve-endings  (the  Telodendria  of  Nerve-fibers  Ending 
io  Muscle  Tissue), — The  motor  nerve -endings  in  sti'iated,  voluntary 
muscle  tissue  wilt  first  be  considered.  The  motor  nerve-endings 
in  voluotarj"-  muscle  tissue  are  the  endings  of  neurones  (peripheral 
motor  neurones),  the  cell-bodies  of  which  aix:  situated  in  the  ventral 
horns  of  the  spinal  cord  and  in  the  medulla.  The  neuraxes  of  these 
cells  leave  the  cerebrospinal  axis  as  medullated  nerve-fibers  {motor 
fibers)  which,  after  branching,  end  in  the  muscle-fibers  in  the  so-called 
motor  endings.  In  figure  124  is  represented,  by  way  of  diagram, 
a  complete  peripheral  motor  neurone.  Each  motor  nerve  -  fiber 
branches  repeatedly  before  terminating,  although  this  branching 
does  not  often  take  place  until  near  the  termination  of  the  ner\'e- 
fiber.  Kolliker  estimates  that  in  the  sternoradialis  of  the  frog,  each 
motor  fiber  innervates  about  twenty  muscle-fibers  ;  but  whether  this 
nuniber  may  be  regarded  as  the  average  number  of  muscle-fibers 
receiving  their  motor  nerv^e-supply  from  one  motor  neurone  can  not 
be  stated  with  any  degree  of  certainty  at  the  present  time. 

Each  motor  ending  represents  the  termination  of  one  of  the  ter- 
minal medullated  branches  of  a  motor  nerve-fiber.  The  neuraxis  of 
this  fiber  passes  under  the  sarcolemma  and  terminates  in  a  teloden- 
drion  (end-brush)  in  an  accumulation  of  sarcoplasm,  in  which  are 
found  numerous  muscle  nuclei,  forming  a  more  or  less  distinct  ele« 
vation  on  the  side  of  the  muscle-fiber,  Doyi^es  elct'ation.  The 
medullary  sheath  accompanies  the  nerve-fiber  until  it  passes  under 
the  sarcolemma,  when   it  stops  abruptly.     The  neurilemma  of  the 
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tion  of  the  structure  of  the  motor  nerve-ending  is  correct,  there 
would  seem  to  be  no  reason  w  hy  the  sarcoplasm  in  which  the  telo- 
dendria  occur  should  be  considered  other  than  the  sarcoplasm  of 
the  muscle-lriber,  the  nuclei  as  muscle-nuclei ;  the  terms  motor  end- 
plate,  granular  sole  plate,  and  sole  nuclei  would  therefore  seem  un- 
necessaiy  and  misleading.  It  may  be  stated  in  this  connection  that 
Bardeen  has  recently  shown  that  in  teased  muscle-tissue  subjected 
to  trypsin  digestion  the  muscle  substance  may  be  removed  from 
the  fiber  leaving  the  sarcolemma  and  on  its  inner  surface  a  por- 
tion of  the  nerve-ending,  with  the  neurolemma  continuous  with  the 
sarcolemma.  He  has  also  shown  that  the  motor  ending  is  in  part 
differentiated  in  connection  with  developing  muscle-fibers  before 
a  sarcolemma  can  be  shown  on  such  fibers.  In  figures  126  to 
130  are  shown  motor  nerve-endings  from  several  vertebrates  as 
seen  when  stained  with  gold  chlorid. 

The  mass  of  sarcoplasm  in  which  the  neuraxes  terminate  as 
above  described  is  about  40  to  60  ft  long,  40 /jt  broad,  and  6  to  \o  fi 
thick  ;  these  dimensions  var)'  greatly,  however  ;  they  may  be  greater 
or  less  than  the  averages  here  given. 

In  amphibia  the  motor  nerve-endings  are  not  so  localized  as 
in  the  majority  of  vertebrates,  as  above  described,  but  are  spread 
over  a  relatively  greater  surface  of  the  muscle-fiber,  and  there  is  no 
distinct  accumulation  of  the  sarcoplasm,  and  the  muscle-nuclei  are 
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Fig,  125. — Motor  nerve-ending  in  voluntarj'  muKle  of  rabbit,  stained  in  melhylene- 
bluc  {tntra  -'ttttms  ^Hubcr,  DcWiu,  ♦•J«jur.  Comp.  Neurol.,"  vol.  vii)  :  ..•J,  Surface 
view  ;  /?,  lonijitudiiml  section  through  molor  ending  ;  C,  cross-section  :  ./,  a,  n,  neuraxes 
uf  nerve -tilx"!-^  ;  .'.j,  j,  sarcolenuna  ;  H/^ui,  neurilemma;  «/,  Doyire*3  elevation  ;  w«, 
niuAcle  nucki ;   in.  iv-\y>\vmn\a  nucleus. 


rol.itively  less  numerous.  The  telodendrion  of  the  nerve-fiber  is, 
however,  under  the  sarcolemma,  between  it  and  the  contractile  sub- 
.stancc  of  the  muscle-fiber.     (Fig,  I  31.) 

Usu;^lly  only  one  motor  ending  is  found  on  each  striated  muscle- 
fiber.  This  iiia\'  be  situated  near  the  center  of  the  muscle-fiber  or 
at  a  variable  distance  from  the  center,  nearer  one  or  tite  other  of 
its  extremities.  Now  and  then  tu-o  nerve-endings  are  found  on 
one  muscle-fiber,  in  which  case  tlie  nerve-endings  are  found  in  close 
proximity. 


THE    TISSUES. 

*^aH  fimiCtk  M\d  mmainatfJ  muscle  receive  their  motor  nerve- 
jMltff  >  o«"  the  s\'inpathetic   nervous   s>'stem.     The 

Qldt^Tv'VPc^  Lrt  cjt>^  ucurones  are  situated  in  s}'mpathetic  ganglia ; 
llhft  HcynMIS^  tbe  aM|onC\*  of  which  form  nonmedu Hated  nerve- 
ihCpfW  bMMSll  Wycatetiiy.  forming  primary'  and  secondary'  plexuses 
^)ita:1>  laimnnfl  tbe  larger  or  smaller  bundles  of  heart  muscle-fibers 
icH&nr  musdc-cells.  From  these  plexuses,  naked,  vari- 
-.  -v«  LV»<<y)iaders.  or  small  bundles  of  such,  penetrate  betv\'een 
tju    K  irt  BMtsde^fibcfS  or  involuntary   muscle-cells,  also  forming 


Kv^.   I  ;  iietvc-ending  in  sLtiated  voluntary  muscle  of  a  frog  ;  metiiylene- 

Wm«  •U4M  -tl   (Ilulwr,   DeWiti}  :    .-/.Surface  view;  ii^,  cross-section  ;  /,  j, 

WAx4viMi»M  t  «.,  ncuiilrtnmA. 


llji-      I  ,J  M..^    :     1--;  --    --]  '--•'■^     on 

hfurt  inu»ctr  cells  nf  cm  ;  meihylene-blue 
kUiii  ^Huber.  De  Witt). 


Fig.    '33.—  '''    '  jfve-eading    on 

involuntary  nonstnated  muscle-cell  from 
intestine  nf  cat ;  metbylene-biue  slaia 
(Hubcr,  De  Witt). 


plexuses.  The  fine  fibers  of  this  terminal  plexus  give  oflT  from 
place  to  place  small,  lateral  twigs,  which  end  on  the  muscle-fiber 
anJ  muscle-cells.  In  heart  muscle  these  lateral  twigs  may  end  in 
one  or  two  snuall  granules,  or  in  a  small  cluster  of  such  granules 
(F'ig.  132);  in  involuntary,  nonstriated  muscle  the  ending  is  ver>' 
xmiplc,  the  sm.ill  lateral  twigs  terminating  in  one  or  two  small 
granules.     {V'vg.  133,) 

Sensory  Nerve-endings. — ^The  sensory  ner\'e-endings  are.  in 
their  es.sentials,  the  peripheral  telodendria  of  dendrites  of  peripheral 


Tig.  134.— Diagram  of  a  peripheral  sensor)'  neurone. 

peripheral  nen'e-trunk«?.  A  peripheral  sensory  neurone  may  there- 
fore be  diagramed  as  in  fifjiire  1 34  The  statement  was  made 
above  that  the  essential  portion  of  a  sensory  nerve-ending  is  a  telo- 
dendrion  (end-brush)  or  several  telodendria  of  the  dendrite  of  a 
peripheral   scnsor>'  neurone.     The  character  of  a  sensory   nerve- 


:.vr.-  of  this  end-brush  and 

:::>  which  take  part  in  the 

Bearing  this  in  mind,  the 
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■TV  iiorvi*-rilK'r«.  ill  tlif  iiuu-i»;i  aiul  f7>itheliiim  of  the  ure- 
•:vrMi;»ti*'»    Ilnl't-r.  ••  Ji'Ui.  (.■miip.  Nciiinl.,"  vol.  Xi. 

:"  siK'h  ticr\c-on(linL;^  «an  be  nuidc  : 

.-. ';«/.' //.v"-*'. —  bi  tlic-M-  tlic  Ulodcndrion  is  not 
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inclosed  in  an  investing  capsule  which  forms  a  structural  part  of 
the  ending. 

2,  Euiapsiiiaf*:d  Endini^s. — In  which  the  telodendrion  or  several 
telodendria  are  surrounded  by  an  investing  capsule  which  separates 
them  more  or  less  completely  from  the  surrounding  tissue. 

! .  Free  sensory  nerve-endings  are  found  in  all  epithelial  tis- 
sues and  in  fibrous  connective  tissue  of  certain  regions.  A  sensory 
nerve-fiber  terminating  in  such  an  ending  usually  proceeds  without 
branching  to  near  its  place  of  termination,  where,  wh^le  yet  a 
medullated  fiber,  it  branches  and  rebranches  a  number  of  times, 
alwaj's  at  the  nodes  of  Ranvier,  the  resultant  branches  diverging  at 
various  angles.  If  the  free  sensory  endings  are  in  epithelial  tissue, 
these  larger  medullated  branches  are  situated  in  tne  connective- 
tissue  mucosa  under  the  epithelium.  From  these  larger  medullated 
branches,  are  given  off  smaller  ones,  also  medullated,  which  ma)' 
divide  further,  and  wliich  pass  up  toward  theepithehum,  and  near  its 
under  surface  divide  into  nonmedu Hated  branches.  Nonmedullated 
branches  are  also  given  off  from  the  medullated  ones  as  they 
approach  the  epithelium,  leaving  the  parent  fibers  at  the  nodes  of 
Ranvier.  Man)'  of  the  nonmedullated  branches  thus  formed,  after 
coursing  a  variable  distance  under  the  epithelium,  enter  it  and  break 
up  into  numerous  very  small  branches,  which,  after  repeated  divi- 
sion, terminate  between  the  epithelial  cells  in  small  nodules  or 
discs  of  variable  size  and  configui-atinii.  The  small  branches  result- 
ing from  a  division  of  one  of  the  larger  nonmedullated  branches 
constitute  one  of  the  terminal  telodendria  or  end-branches  of  the 
dendrites  of  peripheral  scnsorjrneurones  temiinating  in  free  sensory 
nerve-endings.  In  fibrous  connective  tissue  the  same  general 
arrangement  of  the  branches  prevails.  In  figure  1 35  is  shown  the 
peripheral  distribution  of  the  dendrite  of  a  peripheral  sensory 
neurone  terminating  in  a  free  sensor)-  nerve-ending. 

2.  Encapsulated  Sensory  Nerve-endings. — These  nerve-end- 
ings may  l:>c  divided  into  two  quite  distinct  ij;roups, — such  as  have  a 
relativel)"  thin  fibrous-tissue  capsule, 
containing  mainly  telodendria  of  the 
ner\'e  or  nerves  terminating  therein, 
and  such  as  have  a  distincdy  lamel- 
lated,  fibrous  tissue  capsule,  usually 
investing,  besides  the  ncr\'e-termi- 
nation,  other  tissue  elements.  To 
the  former  group  belong  three  t>'pes 
of  sensory  nerve  -  endings,  which, 
owing  to  their  similarity  of  struc- 
ture, may  be  described  together. 
These  are  the  end-bulbs  of  Krause, 
Meissner's  tactile  corpuscles,  and 
tlie  genital  corpuscles.  They  have 
all   been   investigated    recently   by 


Fig,  136. —  End-bulb  of  Krause 
from  Cunjuncliva  nf  man  ;  mcthylf  ne- 
blue  slain  (Dngid,  "Arch,  f,  niik. 
Anat.,"  vol.  xxxvn). 
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Dogiel,  and  the  account   here   given  follows  closely   his  descrip- 
tion. 

End-bulbs  of  Krausc. — Under  this  designation  there  are  described 
a  variety  of  endings  which  var)*  slightly  in  size  and  shape.  They 
are  found  in  the  conjunctiva  and  edge  of  the  coniea,  in  the  lips  and 
lining  of  the  oral  cavity,  in  the  glans  penis  and  clitoris,  and  prob- 
ably also  in  other  parts  of  the  dermis.  In  form  they  are  round, 
oval,  or  pear-shaped.  Their  size  varies  fmm  0.02  to  0.03  mm. 
long  and  from  0.015  ^^  0,025  mm.  broad  for  the  smaller  ones, 
and  from  0.045  ^"^  o.  10  mm.  long  and  from  0.02  to  0.08  mm. 
broad  for  the  larger  ones.  They  have  a  relatively  thin  capsule 
in  which  nuclei  are  quite  numerous.  One.  two,  or  three  medul- 
lated  ner\'es  go  to  each  end-bulb.  These  may  lose  their  medul- 
lary sheath  at  the  capsule  or  at  a  variable  distance  from  it.  The 
naked  axis-cylinders,  soon  after  entering  the  capsule,  divide  into  two, 
three,  or  four  branches,  which  form  several  circular  or  spiral  turns 
in  the  same  or  in  opposite  directions.  These  fibers  then  divide  into 
varicose  branches,  which  undergo  further  division,  the  resulting 
branches  interlacing  to  form  a  bundle  of  variously  tangled  fibers 
which  may  be  loosely  or  tightly  woven. 

Between  the  nerve-fibers  and  their  branches,  within  the  capsule. 

there  is  found  a  semifluid  sub- 
stance, which  is  granular  in  fixed 
preparations. 

Me  issuer  s  Corpuscles.  — T  h  ese 
corpuscles  are  found  in  man  in 
the  subepidermal  connective  tissue 
of  the  liand  and  foot  and  outer 
surface  of  the  forearm,  in  the  nip- 
ple, border  of  the  eyelids,  lips, 
glans  penis  and  clitoris.  They  are 
most  numerous  in  the  palmar  sur- 
face of  the  distal  phalan.v  of  the 
fingers.  They  arc  oval  in  shape, 
sometimes  somewhat  irregular, 
and  vary  in  size,  being  from  45  /^ 
to  50  w  broad  and  from  wo  fi  to 
i8o/i  long.  They  possess  a  thin 
connective-tissue  capsule  jn  which 
are  found  round  or  oval  nuclei, 
some  of  which  have  an  oblique 
position  to  the  axis  of  the  corpus- 
cle. One  medullated  ner\'e  ends 
in  the  smaller  corpuscles,  two  or 
three  or  even  more  in  the  larger 
ones.  After  piercing  the  capsule, 
the  medullated  ner\'es  lose  their 
medullary  sheaths,   the    naked    axis-cylinders   making  a  variable 


Fig.  137, — Meissncr*s  taclile  corpus- 
cle ;  mcthylcnehluc  slain  iDoRld,  ••  In- 
tcriiat.  Monntsschr.  f.  Anat.  u.  I'hys.," 
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number  of  circular  or  spiral  turns,  some  of  which  are  parallel,  others 
crossing  at  various  angles.  These  larger  branches  are  all  beset 
with  large,  spindle-shaped,  round,  or  pear-shaped  varicosities.  The 
larger  branches,  after  making  the  windings  mentioned,  break  up 
into  many  varicose  branches,  which  interlace  and  form  a  most  com- 
plex network.  One  usually  finds  one  or  several  larger  naked  axis- 
cylinders,  which  ]>a.ss  up  through  the  a.xis  of  the  spiral  of  fibers 
thus  formed  ;  these  give  ofiT  branches  which  contribute  to  the  spiral 
formation. 

Genital  Corpuscles. — These  corpuscles  are  found  in  the  deeper 
part  of  the  mucosa  of  the  glans  jDenis  and  the  prepuce  of  the 
male  and  the  clitoris  and  neighboring  structures  of  the  female. 
Their    shape    varies :    thcv  may    be    round,   oval,  egg-  or    pear- 


Fig.    138. — Genital   corpuscle   from  the   glans   penis  of   man  ;    melhylene-blue   stain 
(Dogiel,  ".Arch.  f.  mik.  Anat,,"  vol.  XLI). 


shaped,  or  even  slightly  lobulated.  Their  size  varies  from  0.04 
to  o.  10  mm.  in  breadth  and  from  0.06  to  O.40  mm.  in  length.  They 
are  surrounded  by  a  relatively  thick  fibrous  capsule,  consisting 
of  from  three  to  eight  quite  distinct  lamellae,  between  which  irregu- 
lar flattened  cells  with  round  or  oval  nuclei  are  found.  Within 
this  capsule,  there  is  found  a  core,  which  seems  to  consist  of  a  semi- 
fluid substance,  slightly  granular  in  fixed  preparations,  the  nature 
of  which  is  not  full)'  known.  The  number  of  .sensory  nerves  going 
to  each  corpuscle  v^aries  from  one  to  two  for  the  smaller  ones,  and 
from  eight  to  ten  for  the  larger  corpuscles.  The  medullaled  nerves, 
after  entering  the  corjiuscle,  divide  dichotomously,  the  resultant 
branches  assuming  a  circular  or  spiral  course,  and  interlacing  in 
various  ways,  within  the  capsule.    After  a  few  turnSj  the  medullated 
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branches  lose  their  medullary  sheaths  and  undergo  further  di- 
vision, often  dividing  repeatedly.  The  nonmedullated  nerves  re- 
sulting from  these  divisions,  the  majority  of  which  are  varicose, 
form  a  most  comphcated  network,  the  whole  nerve  network  pre- 
senting a  structure  which  resembles  a  tangle  of  fine  threads. 
In  the  meshes  of  this  network  is  found  the  semifluid  substance 
of  the  core.  Now  and  then  some  of  the  larger  fibers  of  the 
network  leave  the  corpuscle  and  tenninate  in  neighboring  cor- 
puscles, or  pass  to  the  epithelium,  where  they  end  between  the 
cells. 

These  three  sensory  nerve-endings — end-bulbs  of  Krausc, 
Meissncr's  tactile  corpuscles,  genital  corpuscles — are,  as  Dogiel  has 
stated,  ver>'  similar  in  structure.  Each  has  a  thin  connective -tissue 
capsule,  surrounding  a  core,  consisting  of  a  semifluid  substance, 
concerning  which  our  knowledge  is  as  yet  imperfect.  One  or  sev- 
eral n^edullated  nerves  go  to  each  corpuscle,  which,  after  losing 
their  meduilarv'  sheaths,  divide  and  subdivide  into  numerous  fine 
varicose  branches,  which  are  variously  interwoven,  forming  a  more 
or  less  den.se  plexus  of  interlacing  and,  according  to  Dogiel,  anas- 
tomosing fibers.  The  chief  differences  are  those  of  form  and  size, 
anil  tif  position  with  reference  to  the  epithelium.  Of  the  three  forms 
of  endings,  the  genital  corpuscle  is  the  largest,  and  occupies  the  deep- 
est position  in  the  subepithelial  connccti\'e  tissue  ;  Meissncr's  cor- 
puscle is  intermediate  in  size,  and  is  found  immediately  under  the 
epithelium  ;  while  the  end-bulbs  of  Krausc  are  the  smallest  of  these 


Hg.  ty*    -•  vUii.liu-  iiiil  [)ulb  of  Krause  frcim  intermuscular  tibrous  tissue  septum  of  cmt; 

nietbylene-blae  stain. 


three  forms  of  sensory  endings  and  may  be  found  in  the  papillx  or 
in  the  tk-c}>er  connective  tissue. 

.\  si>mewl>at  smaller  nerve-ending  of  long,  oval,  or  cylindric 
form,  known  as  the  cyiiminttnd-bulb  of  Krausc ,  is  found  in  various 
|>;»rl.^  of  the  skin  and  oral  mucous  membrane,  in  striated  muscle 
and  ifi  tendinous  tissue.  These  corpuscles  consist  of  a  thin  nucle- 
at«"il  cajjsule,  investing  a  semifluid  core.  The  nerve-fiber,  after 
losing  Its  medullar)*  sheath  and  fibrous  sheath  (the  latter  becomes 
continuous  with  the  capsule),  passes  through  the  core,  generally 
without  branching,  as  a  naked  axis-cylinder,  terminating  at  its  end, 
usually  in  a  small  bulb.     (Fig.   139.) 

riic  majority  of  the  sensory  nerve-endings  with  well-developed 
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lamellated  capsules  are  relatively  large  structures.  We  shall  con- 
sider especially  the  Vater-Pacinian  corpuscles,  the  neuromuscular 
end-organs,  and  the  neurotendinous  end-organs. 

Vattr-PiwhtiaH  Corpitscit's. — These  corpuscles  are  of  oval  shape 
and  vary  much  in  size,  the  largest  being  about  o.io  of  an 
inch  long  and  0.04  of  an  inch  broad.  The  greater  portion  of  the 
corpuscle  is  made  up  of  a  series  of  concentric  lamella.%  varj'ing 
in  number  from  twenty  to  sixty.     These  lamellae  are  made  up  of 


Fig'.  140. — Vater-Paciai.iii  corpuscle  from  the  lucstntery  of  a  cat;  X  45-  The 
figure  shows  a  general  view  of  ihe  corpuscle.  «7,  Axis-cylinder  in  die  core;  ik,  core; 
w«,  medullated  n«rve-tibers  entering  the  core  ("Alias  and  Epitome  of  Human  His- 
tology," SobottJk). 

white  fibrous  tissue  fibers,  rather  loosely  woven,  between  which  is 
found  a  small  amount  of  lymph,  containing  usually  a  few  leucocytes. 
The  lamclliE  are  covered  on  both  surfaces  by  a  layer  of  endothelial 
cells  (Schwalbe).  Between  two  consecutive  lamellie  there  is  found  an 
interlamellar  space,  also  containing  lymph.  The  axis  of  the  cor- 
puscle is  occupied  by  a  core,  consisting  of  a  semifluid,  granular 
substance,  in  the  periphery  of  which  oval  nuclei  are  said  to  be 
found.  Usually  one  large  medullated  ner\'e-fiber  goes  to  each  cor- 
puscle. The  fibrous  tissue  sheath  of  this  nerve-fiber  becomes  con- 
tinuous with  the  outer  lamella?  of  the  capsule.  The  medullarj' 
sheath  accompanies  the  axis-cylinder  through  the  concentric  lamel- 
lae until  the  core  is  reached,  where  it  disappears.  The  naked  axis- 
cylinder  usually  passes  through  the  core  to  its  distal  end,  where  it 
divides  into  three,  four,  or  five  branches  which  terminate  in  large, 
irregular  end-discs.  The  axis-cylinder  may,  however,  divide  soon 
after  it  enters  the  core  into  two  or  three  or  even  four  branches, 
these  passing  to  the  distal  end  of  the  core  before  terminating  in  the 
end-discs  above  mentioned.  Both  Retzius  and  Sala  state  that  the 
naked  axis-cylinders,  after  entering  the  core,  give  off  numerous  short 
side  branches,  terminating  in  small  knobs,  which  remind  these  ob- 
ser\'ers  of  the  fine  side  branches  or  thorns  seen  on  the  dendrites  of 
Purkinje's  cells  and  of  the  pyramidal  cells  of  the  cortex,  when  stained 
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after  the  Golgi  method.  In  company  with  the  large  nerve-fibers  here 
mentioned,  Sala  has  described  other  nerve-fibers,  quite  independent 
of  them  and  much  finer,  which  after  entering  the  corpuscle  divide 
repeatedly,  the  resulting  fibers  forming  a  plexus  around  the  central 
fiber.  A  small  arteriole  enters  the  cur]>uscle  with  the  nerve-fiber, 
dividing  into  capillary  brarichcs  found  between  the  lamellae  of 
the  capsule. 

The  Vater- Pacinian  corpuscles  have  a  wide  distribution.  They 
are  numerous  in  the  deeper  parts  of  the  dermis  of  the  hand  and 
foot,  and  also  near  the  joints,  csjxicially  on  the  flexor  side.  They 
have  been  fountl  in  the  periosteum  of  certain  bones  and  in  tendons 
and  intermuscular  septa,  and  even  in  muscles.  They  are  further 
found  in  the  epineurial  sheaths  of  certain  nerve-trunks  and  near 


Fig.  141.— Pacinian  corpuscles  from  mesorectum  of  kitten:  y<.  Showing  the  fine 
branches  on  central  nerve-fiber;  /f,  ihe  network  cf  fine  nerve-fibers  about  the  central 
fiber;  methylene-blue  preparation  (Sak,  •*  Annt.  Anzeiger,"  vol  xvi). 


large  vessels.  They  are  numerous  in  the  peritoneum  and  mesentery, 
pleura  and  pericardium.  In  the  mesentery  of  the  cat,  where  these 
nerve-endings  are  large  and  numerous,  they  are  readily  seen  with  the 
unaided  eye  as  small,  pearly  bodies. 

In  the  bill  and  tongue  uf  water  birds,  especially  of  the  duck,  are 
found  nerve-endings,  known  as  the  corpnscia  of  Hirbst,  which  re- 
semble the  Vater- Pacinian  corpuscles  ;  they  differ  from  the  latter  in 
having  cubic  cells  in  the  core.     (Fig.   142.) 

Neuromuscular  Ntn'c  End-organs. — These  nerve  end-organs 
consist  of  a  small  bundle  of  muscle-fibers,  surrounded  by  an  invest- 
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ing  capsule,  within  which  one  or  several  sensory  nerves  terminate. 
They  are  spindlc-shaj>ed  structures  var)'ing  in  length  from  0.75  to  4 
mm.,  and  in  breadth,  where  widest,  from  80  to  200  /i  (Sherrington, 
94).  In  them  there  is  recognized  a  proximal  polar  region,  an 
equatorial  region,  and  a  distal  polar  region.  The  muscle-fibers  of 
tliis  nerve-ending,  known  as  the  intrafusal  fibers,  which  may  var\'  in 
number  from  3  or  4  to  20  or  even  more,  are  much  smaller  than  the 
ordinary  voluiitar>'  muscle-fibers  and  diflfer  from  them  structur- 
ally, and  result  from  a  division  of  one  or  several  muscle-fibers  of 
the  red  variety.  In  the  pro.ximal  polar  region  the  intrafusal  fibers 
present  an  ai)pearance  which  is  similar  to  that  of  voluntary  muscle- 
fibers  of  the  red  variety  ;  in  the  etjuatonal  region  they  possess  rela- 
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Fig.  142.— Corpuscle  of  Herbal  from  bill  of  duck;  X  600. 

tively  few  muscle-fibrils  and  are  rich  in  sarcoplasm  and  the  muscle- 
nuclei  are  numerous  ;  the  striation  is  here  indistinct.  In  the  distal 
polar  region  the  intrafusal  fibers  are  again  more  distinctly  striated 
and,  a  short  distance  beyond  the  end-organ,  become  greatly  reduced 
in  size,  and  terminate  as  ver\'  small  fibers,  still  showing,  however,  a 
cross-striation.  In  figure  143  is  shown  a  single  intrafusal  muscle- 
fiber.  Owing  to  the  length  of  such  a  fiber  it  was  necessary  to  rep- 
resent it  in  several  segments. 

The  intrafusal  muscle -fibers  are  surrounded  by  a  capsule  con- 
sisting of  from  four  tn  eight  c<inceotric  layers  of  white  fibrous  tissue. 
At  the  proximal  end  this  capsule  is  continuous  with  the  connective 
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Others.     One  or  several  (three  or  four)  large  medullated  nerves,  sur- 
rounded by  a  sheath  of  Henle,  terminate  in  each  neuromuscular  end- 


I 


F^ff*  '45- — Ncuromusailar  nerve  end-orpan  from  (he  iniritisic  plantar  muscles  of 
dog  ;  from  teased  preparation  of  tissue  stained  in  methylene-blue.  The  figure  shows  the 
intrafu^l  muscle-hhcrs,  tlie  nerve-fibers  and  their  tcrininatinn'i ;  the  capsule  aud  the  sheath 
of  Henle  arc  not  shown  (Hubcrand  DcWitt,  **Jour.  Com[>.  Neurol./'  vol.  Viil. 

organ.     As  these  nerves  enter  the  capsule,  the  sheath   of  Henle 
blends  with  the  capsule.     The  medullated  nerve-fibers  now  and 
la 
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mm  fdkibil ;  teascU 

«•«*    staiocil    in 

•^^krftiMl  DfWiR, 

\<«id)  /•  vol.  X). 


laSi^  :3b  nerve  end-organs,  and  divide  several 

ae  'Ty*^  periaxial  space,  and  axial 

-  -^-^»<»  die  inedullaty  sheath  is  lost,  and 

CiK  naked  axis-cylinders  terminate  in 

.joe  or  se\Teral  ribbon  -  like  branches 

mbich  are  wound  circularly  or  spirally 

.^WKrtllie  intrafusal  fibers  {anunlospiral 

mditi^)  or  they   may  teiniinate   in  a 

amnber  of  larger  branches  which  again 

tfividc.  these  cndin^^  in  irregular,  round, 

smX,  or  pear-shaped  discs  {flinvcr-likc 

t^mitM^),  which  are  also  on  the  intra- 

tiisal  fibers.   These  flower-like  endings 

arc  usually  at  the  ends  of  the  annulo- 

spiral    fibers.      In    the   smaller   end- 

oc^ns  only  one  area  of  nerxe-termi- 

oaUion    has    been   observed ;     in    the 

*"ir::cr,  two,  three,  or  even   four  such 

r.as  may  be  found. 

Neuromuscular  ner\'e  end-organs 
anc  found  in  nearly  all  skeletal  muscles 
(not  in  the  extrinsic  eye  muscles  nor 
in  the  intrinsic  muscles  of  the  tongue), 
but  they  are  especially  numerous  in 
the  small  muscles  of  the  hand  and  foot. 
They  are  found  in  amphibia,  reptilia, 
birds,  and  mammalia,  presenting  the 
same  genera!  structure,  although  the 
ultimate  termination  of  the  nen'e-fibers 
varies  somewhat  in  the  different  classes 
of  vertebrates. 

Xeurotciidinous  Ncri'e  End -organ 
(Golgi  Tendon  Spindle).  —  In  i8So 
Golgi  drew  attention  to  a  new  nerve 
end-organ  found  in  tendon,  describing 
quite  fully  its  general  structure  and 
less  fully  the  ner\'e  termination  found 
therein.  These  nerve  end-organs  are 
spindle-shaped  structures,  which  in 
man  vary  in  length  from  1.28  mm.  to 
1.42  mm,,  and  in  breadth  from  0,17 
mm.  to  0.25  mm.  (Kolliker).  Ciaccio 
mentions  a  neurotendinous  ncr\'e  end- 
organ  found  in  a  WKUian,  which  was  2 
or  3  mm.  long.  A  capsule  consisting  of 
from  2  to  6  fibrous  tissue  lamellje.  and 
broadest  at  the  equatorial  part  of  the 
end-organ,  surrounds  a  number  of  in- 
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trafusal  tendon  fasciciiIL  The  capsule  is  continuous  at  the  prox- 
imal and  distal  ends  of  the  end-organ  with  the  internal  periten- 
dineum of  the  tendon  in  which  it  is  found.  The  number  of  the 
intrafusal  tendon  fasciculi  varies  from  eight  to  fifteen  or  even  more. 
They  are  smaller  than  the  ordinar}^  tendon  fasciculi,  from  which 
they  originate  by  division,  and  structurally  resemble  embr>'onic 
tendon,  in  that  they  stain  more  deeply  and  present  many  more 
nuclei  than  fully  developed  tendon.  The  intrafusal  tendon  fasciculi 
are  surrounded  by  an  a.xial  sheath  of  fibrous  ti.ssue,  between  which 
and  the  capsule  there  is  found  a  periaxial  lymph-space. 


\^ 


"-/ 


/ 


Kig.  147. — Cross  section  of  neurotendinous  nerve  end-organ  ot  rabbit;  from  tissue 
stained  in  methylene-blue  ;  w/,  Musck-tibtTS  ;  /,  tenrkm  ;  <,  capsule  of  neurotendinous 
end-organ  ;  m  «,  medullaled  nen'e-tibei-  (Huber  and  DeWiu,  •*  Juur.  of  Comp.  Neurol.," 
vol.  XJ. 

The  termination  of  the  nerve-fibers  ending  in  these  end-org^ans 
has  been  studied  by  Golgi,  Cattanco,  Kerschner,  KoHiker,  Pansini, 
Ciaccio,  Huber  and  DeWitt.  One,  two,  or  three  large  meduilated 
nerve-fibers,  surrounded  by  a  sheath  of  Henle,  end  in  each  end- 
organ  ;  as  they  pass  through  the  capsule,  the  sheath  of  Henle 
blends  with  the  capsule.  The  medullated  nerve-fibers  before  enter- 
ing the  capsule  usually  branch  several  times,  branching  further 
within  the  capsule  and  axial  sheath.  Before  the  resultant  branches 
terminate  on  the  intrafusal  tendon  fasciculi,  the  medullary  sheath  is 
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lost,  the  naked  axis-cylinder  further  dividing  into  two,  three,  or  four 
branches,  eacli  of  which  runs  along  on  the  intrafusal  fasciculi,  giving 
off  numerous  short,  irregular  side  branches,  which  partly  enclasp 
the  tendon  fasciculi  and  end  in  irregular  end-discs.  Some  of  the  ter- 
minal branches  pass  between  the  smaller  fibrous  tissue  bundles  of 
the  fasciculi,  ending  between  them. 

In  these  end-organs,  the  larger  nerve-branches  are  found  near 
the  center  of  the  bundle  of  intrafusal  tendon  fasciculi,  the  terminal 
branches  and  the  end-discs  nearer  their  periphcrj-.  The  neuroten- 
dinous nerve  end-organs  are  widely  distributed,  being  found  in  all 
tendons  although  not  equally  numerous  in  all.  Like  the  neuromus- 
cular nerve  end-organs,  they  are  especially  numerous  in  the  small 
tendons  of  the  hand  and  foot.  Sensory  nerve  end-organs,  which 
resemble  in  structure  the  neurotendinous  end-organs  here  described, 
though  somewhat  smaller  than  these,  have  been  found  in  the  tendons 
of  the  extrinsic  eye-muscles. 

In  this  brief  account  of  the  mode  of  ending  of  the  telodendria  of 
the  dendrites  of  peripheral  sensory  neurones  {sensory  ner\'e-fibers) 
it  has  not  been  possible  to  discuss  any  but  the  more  t}'pical  varie- 
ties of  sensory  nerve-endings.  Other  nerve-endings  will  be  consid- 
ered in  connection  with  the  several  organs  tu  bt:  treated  later.  I-'or 
a  fuller  discussion  of  this  subject,  the  reader  is  referred  to  special 
works  and  monographs. 

TECHNIC 
Fresh  medullated  nerve-fi1»ers,  when  teased  in  an  indifferent  fluid, 
show  the  peculiar  luster  of  the  medullar)^  sheath,  and  also  the 
nodes  of  Ranvier,  the  neurilemma  wnth  its  nuclei,  and  the  segments 
of  Lanternunn.  At  the  cut  ends  of  the  fibers,  the  rj-pical  coagula- 
tion of  their  medullary  portions  is  seen  in  the  form  of  drops  of  myelin. 
All  these  structures  can  also  be  seen  after  using  i  ^^  osmic  acid.  A  ner\e 
(not  loo  thick )  is  placed  in  a  i  </P  aqueous  osmic  acid  solution,  then 
washed  for  a  few  houn»  in  distillea  water,  and  finally  carried  over  into 
absolute  alcohol.  After  dehydration,  small  pieces  are  cleared  with  oil  of 
cloves  an<l  the  fibers  teased  apart  upon  a  slide.  The  medullary  .sheath  is 
stained  black  and  hides  the  axial  space,  the  nodes  are  clear,  the  neu- 
rilemma is  sometimes  seen  as  a  light  niembranct  and  the  nuclei  of  the 
fibers  are  of  a  lenticular  shape,  and  stained  brown. 

l*he  nodes  of  Ran\  ier  may  also  be  demonstrated  by  means  of 
silver  nitrate  solution.  Fresh  ner\e-fibers  are  either  teased  in  distilled 
water  to  which  a  trace  of  i  "^  silver  nitrate  solution  has  been  added  (the 
nodes  of  Ranvier  ajipear  after  a  short  time  as  small  crosses),  or  whole 
ner\es  are  placed  for  twenty-four  hours  in  a  0.5*'/  aqueous  solution 
of  silver  nitrate,  washed  for  a  short  time  with  water,  hardened  in 
alcohol,  after  which  they  are  imbedded  in  paraffin  and  cut  longitudinally. 
Exposure  to  light  will  soon  bring  out  the  "crosses  of  Ranvier"  at  the 
nodes.  The  appearance  of  these  crosses  is  due  to  the  fact  that  the 
silver  nitrate  solution  first  penetrates  at  the  nodes  of  Ranvier,  and  then 
passes  by  capillary  attraction  along  the  axial  cord  for  some  distance. 
After  the  reduction  of  the  silver,  the  cruciform  figures  appear  colored 
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black.  Occasionally,  a  peculiar  transverse  striarion  is  seen  in  the  longi- 
tudinal portions  of  the  crosses.  These  are  known  as  Frommann's  lines. 
Their  origin  and  significance  have  not  as  yet  been  satisfactorily  ex- 
plained. 

To  demonstrate  the  fibrils  of  the  axial  cord  a  piece  of  a  small 
ner\'e  is  stretched  on  a  match  or  toothpick  and  fixed  for  four  hours  in  a 
0.5%  osmic  acid  solution,  after  which  it  is  washed  in  water  for  the  same 
length  of  time  and  immersed  in  K^o^je  alcohol  for  twenty-four  hours.  The 
preparation  is  now  stained  lor  another  twenty-four  hours  in  a  saturated 
aqueous  solution  of  fuchsin  S  and 
then  placed  for  three  days  in  abso- 
lute aicohol.  Finally,  the  nerve  is 
passed  as  rapidly  as  possible  through 
toluol,  toluol- paraffin,  and  then  im- 
bedded in  paraffin.  The  proper 
orientation  of  the  specimen  is  of  the 
greatest  importance,  as  is  also  the 
cutting  of  thin  sections.  In  a  lon- 
gitudinal section  red  fibrils  of  almost 
uniform  thickness  and  evenly  dis- 
tributed throughout  the  axial  space 
are  seen  lying  in  the  colorless  neuro- 


Medullary 
f  heath. 
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Fig,  148, — Ranvier's  crosses  from  sci- 
aiic  nerve  of  rabbit  irealed  with  silver  ni- 
frate  solution;  >..  120.  Frommann's  lines 
can  be  &eeti  in  a  few  iibers. 


Fig,  149. — MeduUated  nerve-fiber 
from  sciatic  nerve  of  frog.  In  two  places 
the  medullary  slicalh  has  been  pulled 
away  by  teasing,  showing  the  "naked 
axis-cylinder"  ;  X  *'*• 


plasm,  and  parallel  to  the  long  axis  of  the  nerve-fiber.  In  cross-section 
the  axial  fibrils  appear  as  evenly  distributed  dots.  Attention  must  be 
called  to  the  fact  that  the  fibrils  are  not  equally  well  stained  in  all  cases 
(Kupffer,  83,  II  ;  compare  also  Jacobi  and  Joseph). 

When  the  fiber  is  less  carefully  treated,  the  fibrils  ftise  with  the 
neuroplasm  to  form  the  "axis-cylinder"  of  authors.  As  the  appearance 
of  the  latter  is  due  to  a  shrinkage  of  the  contents  of  the  axial  space,  it  is 
easy  to  understand  that  one  reagent  may  have  a  greater  effect  in  this  re- 
spect than  another.  The  thinnest  axis-cylinders  are  produced  by  chromic 
acid  and  its  salts,  while  thicker  ones  are  seen  in  nerve-fibers  fixed  in 
alcohol.     These  variations  are  best  seen  in  cross-sections,  in  which  the 
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axis-cylinders  sometimes  appear  as  round  dots  and  again  as  stellate  figures. 
The  latter  are  due  to  pressure  on  the  shrinking  axial  cord  by  the  unevenly 
coagulated  medullary  sheath.  As  the  medullar}^  sheath  in  such  prepara- 
tions cnimblcs  away  in  many  places,  large  areas  of  the  axis-cylinder  may 
often  be  isolated  by  teasing  (  Fig.  149). 

Sensory  and  motor  nerve-endings  may  be  stained  after  gold  chlorid 
and  chrome-silver  methods  (see  methods  of  impregnation,  page  47),  or 
after  the  intra  vitam  methylene-blue  method  suggested  by  Ehrlich  and 
variously  modified  by  other  investigators. 

If  freshly  teased  fibere  be  treated  with  glacial  acetic  acid,  the 
axis-cylinders  swell  up  and  issue  from  the  ends  of  the  fil>ers  in  irregular 
ma.sses  showing  fine  longitudinal  striation  (Kolliker,  93).  The  structures 
of  the  axial  sj>ace  dissolve  in  \'/(  hydrochloric  acid,  as  well  as  in  a  10^ 
solution  of  sodium  chlorid  (Halliburton). 

For  the  isolation  of  ganglion  cells,  33^  alcohol,  0.1  to  0.5% 
chromic  acid,  or  i^^   solution  of  potassium  bichromate  may  be  used. 

Small  pieces  of  the  spinal 
cord  and  brain  containing 
ganglion  cells  are  treated 
with  a  small  quantity  of 
one  of  the  above  solutions 
for  one  or  two  weeks.  After 
this  interval  the  prepara- 
tions may  be  teased  and 
the  isolated  ganglion  celts 
stained  on  a  slide  and 
mounted  in  glycerin.  They 
may  even  be  fixed  ///  siht 
by  injecting  a  i  ^/c  solution 
of  osmic  acid  or  33*^  al- 
cohol into  the  areas  of 
the  brain  or  spinal  cord 
containing  ganglion  cells. 
The  region  thus  treated  is 
then  cut  out  and  teased. 

The  nonmedullateti  or 
•*Remak's  fibers"  are  ob- 
tained by  teasing  a  sym- 
pathetic nerve,  or,  better, 
a  piece  of  the  vagus  pre- 
viously treated  with  osmic 
acid.  Between  the  black- 
ened med II Hated  fibers  oi 
the  i)neuniogastric  are  seen  numerous  unstained  fibers  of  Kemak, 

The  fibers  of  the  olfactor)'  nerve  are  stained  brown  by  osmic  acid. 

Ehrlich*s  methylene-blue  method  consists  in  an  intra  vitam 
staining  of  ganglion  ceils,  nerve-fibers,  and  nerve-endings.  The  method 
is  much  more  applicable  to  the  staining  of  peripheral  ganglia  (spinal  and 
sympathetic  ganglia),  peripheral  nerves,  and  nerve-endings  than  to  stain- 
ing the  elements  of  the  central  nervous  system,  although  the  latter  may 
also  be  stained  by  means  of  this  method. 

Two  methods  for  bringing  the  stain  in  contact  with  the  nerve-tissues 
are  now  in  use  :  ( i )  injecting  the  methylene-blue  solution  into  the  living 


**•  Nucleus. 
*Nuct«?olus. 
'•  Cell-body. 


*—•••-  Ncuraxis. 

Fig.  150. — A  ganglion  cell  from  anterior  hum 
of  the  spinal  coni  of  calf;  teased  preiwiratiun  ; 
X  *40.  By  thi«  method  only  the  coar^st  ramifica- 
tions of  ibc  deadnlcs  are  preserved  ;  the  rest  are 
torn  ofT. 
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tissues  ihrough  the  blood  vessels ;  (2)  adding  a  few  drops  of  the  stain  to 
small  pieces  of  perfectly  fresh  tissues  removed  from  the  body.  The  solu- 
tion used  for  injecting  the  tissues  is  prepared  as  follows  :  i  gm.  of  methyl- 
ene-blue*  is  mixed  10  a  small  flask  with  100  c.c.  of  noninal  salt  solution 
and  heated  over  a  flame  until  the  solution  becomes  hot.  It  is  then  allowed 
10  cool  ;  when  filtered,  it  is  ready  for  use.  A  cannula  is  tied  into  the 
main  artery  of  the  part  in  which  it  is  desired  to  stain  the  ner\'e  elements, 
and  sufficient  of  the  foregoing  methylene-blue  solution  injected  to  give 
the  part  a  decidedly  blue  color.  After  the  injection  the  part  to  l>e 
studied  remains  undisturbed  for  about  one-half  hour,  after  which  time 
small,  or  at  least  thin,  pieces  of  the  tissue  to  be  studied  are  removed  to  a 
slide  moistened  in  normal  salt  solution,  and  exposed  to  the  air.  The 
tissues  remain  on  the  slide  until  the  ner\'e-cells,  ner^e- fibers,  or  ner\'e- 
endings  seem  satisfactorily  stained.  After  placing  the  tissues  on  the  slide, 
they  are  examined  under  the  microscope  (without  covering  with  a  cover- 
glass)  every  two  or  three  minutes,  until  such  e.xamination  shows  blue 
color  in  the  neuraxes  of  the  nerve-fibers  and  their  tenninations,  or  in  the 
ner\'e-cells,  if  there  be  any  in  the  tissues  examined.  Care  should  be 
taken  not  to  miss  the  time  when  the  staining  has  reached  its  full  develop- 
ment, as  the  blue  color  usually  fades  again  and  only  inferior  preparations 
are  obtained. 

Tissues  thus  stained  may  be  fixed  by  one  of  two  methods  (or  modifi- 
cations of  these  methods),  the  selection  of  the  method  depending  some- 
what on  the  results  desired.  If  it  is  desired  to  gain  preparations  giving 
the  general  course  of  nerves,  the  formation  of  ner%e-plexuses,  the  relations 
of  afferent  and  efferent  nerves  to  the  nerve-cells  in  ganglia,  or  the  gen- 
eral arrangement  of  the  terminal  branches  of  nerve-fibers  in  nerve  end- 
organs,  the  tissues  are  placed  in  a  saturated  aqueous  solution  of  ammo- 
nium picrate  (Dogiel )  in  which  the  blue  color  of  the  tissues  is  in  a  short 
time  changed  to  a  purpli.sh  color.  In  this  solution  the  tissues  remain  tor 
from  twelve  to  twenty-four  hours,  and  are  then  transferred  to  a  mixture 
consisting  of  eijual  parts  of  a  saturated  aqueous  solution  of  ammonium 
picrate  and  glycerin,  in  which  they  remain  another  tw-enty-four  hours  ; 
they  may,  however,  without  detriment  remain  in  the  mixture  several 
da>'s.  The  tissues  are  then  mounted  in  this  ammonium  picrate-glycerin 
mixture. 

If,  on  the  other  hand,  it  is  desired  to  section  tissues  stained  infra 
vitam  in  methylene-blue,  the  following  method,  slightly  modified  from 
that  given  by  Bethe,  is  suggested.  The  following  fixative  is 'prepared: 
Ammonium  molybdate,  i  gm.;  distilled  water,  10  c.c;  hydrochloric 
acid,  1  drop.  The  solution  is  prepared  by  grinding  the  ammonium 
molybdate  to  a  fine  powder,  removing  it  to  a  flask,  and  adding  the 
required  quantity  of  water.  The  fiaslc  is  now  heated  until  the  ammonium 
molybdate  is  entirely  dissolved,  when  the  hydrochloric  acid  is  added. 
Before  using  this  fixative  it  is  necessar>'  to  cool  it  to  2°-5°  C.  It  is,  there- 
fore, well  to  prepare  it  before  the  injection  is  made,  and  surround  it  with 
an  ice  mixture.  In  this  fixative  the  tissues  remain  for  from  twelve  to 
twenty-four  hours.  After  the  first  si.x  to  eight  hours  it  is  not  necessary  to 
keep  the  fixative  below  ordinar)-  room -temperature.  After  fixation  the 
tissues  are  washed  for  an  hour  in  distilled  water.  They  are  then  hard- 
ened and  dehydrated  in  absolute  alcohol.  It  is  advisable  to  hasten  this 
step  as  much  as  possible,  though  not  at  the  risk  of  imperfect  dehydration. 
'  Metbylenblau,  rectiBcicrt  n»ch  Ehrlich,  Griibler,  Leipzig. 


xjlol  and  imbedded  in  paraffin,  sec> 

with  albumin  fixative,  and  may 

or  alum -cochineal.     After  staining  in 

arc  thoroughly  dehydrated  and  cleared 

IllK  ml  » vasbed  off  with  xylol  and  the  sections  are 
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^with  methylene -blue  by  local  application 
,  tlht  bssues  to  be  studied  are  removed  from  an 
tUkd^  divided  in  small  pieces,  and  placed  on 
Isalt  solution.  A  few  drops  of  a  -j^^  to 
in  normal  salt  solution  are  added  from 
;  l»kRp  the  tissues  moistened  by  the  solution,  but 
Tl»e  preparations  are  examined  from  time  to 
-TOKOfc.  lo  sec  whether  the  nerve  elements  are  stained, 
!vyuiml  for  staining  by  this  method  varies.  Somc- 
^  *rr  stained  in  half  an  hour  ;  again,  it  may  re- 
'  .^"^  :  on  an  average,  about  one  hour.  As  soon 
ned  they  are  fixed  as  previously  directed, 
•hetic  ganglia  and  sensory  nerve -fibers  of  the 
.  ftimuin  body  several  hours  after  death  may  be 
.  .^  tonr^ing  method. 
<Ate  the  necessity  for  the  low  temperature  of  the  pre- 
--■'  has  recommended  the  following  procedure: 
Smirnow  and  Dogiel,  he  first  employs  as  a 
;i  concentrated  aqueous  solution  of  ammonium 
-.•s  the  tissue,  previously  treated  with  methylene- 
■^  iUteen  minutes.  Without  further  washing  the  larger 
><<!  in  a  mixture  composed  of  ammonium  molybdate 
fbdate)  i  gm.,  distilled  water  20  cc,  and  pure 
drop-  The  following  mixtures  may  also  be  employed 
ympgii:  ammonium  molybdate  (or  sodium  phosphomo- 
%v^  •  ,—'  .'--ctiUed  water  10  c.c,  2%  solution  of  chromic  acid 
•  hloric  acid  i  drop  ;  or,  for  very  thin  gross  specimens 
M.  nj,^^lW_  Igw*^'"""'"  molybdate  (or  sodium  phosphoraolybdate )  i  gm., 
t^ttlMwilirv  to  c.c,  0.5%  osmic  acid  10  c.c,  and  hydrochloric  acid 
^  -jlpig  SMmM  obk^^  *^  ]>ermitted  to  remain  no  longer  than  from  three 
,^^g^l^^  am  ImMT  to  one  hour  in  either  of  the  first  two  mixtures,  and 
«0i  vi*o«v  UMM  I^Ott  four  to  twelve  hours  in  the  third.  After  fixing,  the 
-•-.>  '»^«^»*a«t  «wlied  with  water,  carried  over  into  alcohol,  then  into  xylol, 
'i^Jijr^Hifetckled  in  ])aralfin.  Subsequent  staining  with  atum-carmin, 
^v>w  v^'lllacol.  or  one  of  the  neutral  anilin  dyes  gives  good  results. 

A  >rnr  promising  method  recommended  by  Meyer  (95)  con.sists 

vulnncously  about  20  c.c.  of  normal  salt  solution  contain- 

>  4'i-  of  methylene-blue  into  a  young  rabbit,  and  repeating 

•1  oi\c  to  two  hours.      Within  the  next  two  hours  the  animal 

.     „  ,1  the  central  nervous  organs  are  then  removed  and  small 
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->rtlinff  to  Bethe's  method, 
l  o(  C.hr.  Sihjer  may  be  recommended  for  demonstrating 
striated  muscle  :    Muscle  bundles  of  the  thickness 
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»  vvv^.-  'I'lill  are  first  placed  for  eighteen  hours  in  a  solution  composed 
viK  aiid  I  vol.,  glycerin  i  vol.,  and  I'/r  solution  of  chloral  hydrate 
^  vs^»  and  then  teased  in  pure  glycerin.     Aftcr^^•ard  they  are  placed  in  a 
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mixture  of  Ehrlich's  hematoxylin  1  vol. ,  glycerin  i  vol. ,  and  i  %  chloral  hy- 
drate solution  6  vols. ,  in  which  the  specimens  are  allowed  to  remain  for  from 
three  to  ten  days.  The  pieces  are  now  placed  in  glycerin  acidified  with 
acetic  acid  (solution  No.  i),  in  which  the  color  becomes  differentiated, 
the  nerves  and  nerve-endings  in  the  muscles  and  vessels  being  deeply 
stained,  while  the  remaining  portion  of  the  specimen  becomes  decolor- 
ized. After  having  stained  with  No.  2,  the  pieces  may  be  preserved  in 
pure  glycerin,  to  be  treated  later  with  acetic  acid  (solution  No.  1). 

These  methods  are  most  successful  in  reptilia  and  mammalia,  more 
difficult  in  the  other  classes  of  vertebrate  animals. 


SPECIAL  HISTOLOGY. 


1.  BLOOD  AND  BLOOD-FORMING  ORGANS,  HEART. 
BLOOD-VESSELS,  AND  LYMPH-VESSELS, 


A.  BLOOD  AND  LYMPH. 

J.  FORMATION  OF  BLOOD. 

Early  in  the  development  of  the  embr>'o  there  appear  in  a  por- 
tion of  the  extra -cmbn'omc  area  of  the  blastoderm,  known  as  tlie 
ana  vasculosa,  definite  masses  of  cells,  derived  from  the  mesen- 
chyme, and  spoken  of  as  blood  isfaiuis,  which  are  intimately  connected 
with  the  formation  of  the  blood.  If  these  blood  islands  be  examined 
at  a  certain  stage,  free  cells  are  seen  lying  in  their  center,  appar- 
ently derived  from  the  central  cells  of  the  islands  ;  the  cells  sur- 
rounding them  represent  the  elements  which  later  go  to  form  the 
primitive  vascular  walls.  The  free  elements  are  the  first  blood-cells 
of  the  embryo.  The  blood-cells  thus  developed  enter  the  circula- 
tion by  means  of  blood  channels  formed  by  the  confluence  of  the 
blood  islands.  These  grow  toward  the  embrj'o  and  later  join  the 
large  central  vessels.  The  origin  of  these  blood  islands  is  still  an 
open  question.  Some  authors  contend  that  they  arise  from  tJie 
mesoblast  (P.  Mayer,  ^j,  93;  K.  Ziegler;  van  der  Stricht,  92), 
others  that  they  are  of  entodermic  origin  (KupiTer,  y^  ;  Gensch  ; 
Ruckert,  ^^  ;  C.  K.  Hoffmann.  93,  1 ;  93,  II ;  Mehnert,  96).  At  a 
certain  period  the  embryonic  blood  consists  principally  of  nucleated 
red  cells,  which  proliferate  in  the  circulation  by  indirect  division. 
The  colorless  blood-cells,  the  development  of  which  is  not  yet  fully 
understood,  appear  later.  It  is  possible  that  they  also  are  elements 
of  the  blood  islands,  which  do  not  contain  any  hemoglobin.  In  a 
later  period  of  embrj'onic  life  the  liver  becomes  a  blood-forming 
organ.  Recent  investigations  have,  however,  shown  that  it  does 
not  take  a  direct  part  in  the  formation  of  the  blood,  but  only 
ser\^cs  as  an  area  in  which  the  blood-corpuscles  proliferate  during 
their  slow  passage  through  its  vessels.  The  blind  sac-like  endings 
of  the  venous  capillaries  seem  to  be  particularly  adapted  for  this 
purpose,  as  in  them  the  blood  current  stagnates,  and  it  is  here  that 
the  greater  number  of  blood -eel  Is  reveal  mitotic  figures.  The 
newly  formed  elements  are  finally  swept  away  by  tlie  blood  stream 
and  enter  the  general  circulation  (van  der  Stricht,  92  ;  v,  Kostan- 
ecki,  02,  111).      Many  investigators  believe  that  the  red  blood-cells 
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have  an  entirely  different  origin  in  the  liver — namely,  from  the  large 
polynuclear,  giant  cells,  which  are  thought  to  arise  either  fmm  tiie 
cells  of  the  capillaries  or  from  tiie  liver-cells  (Kuborn,  M.  Schmidt). 

Late  in  fetal  life  and  in  the  adult,  the  red  bone-marrow  and  the 
spleen  are  the  ortjans  which  form  the  red  blood-cells.  The  lym- 
phatic glands  and  the  spleen  produce  the  white  blood-cells.  In  ad- 
dition to  the  nucleated  red  corpuscles  which  are  present  up  to  a  cer- 
tain stage  of  development,  nnnnucleated  red  blood-cells  also  appear. 
The  number  of  the  latter  increases,  until  finally  they  are  found 
almost  exclusively  in  the  blood  of  the  new-born  infant. 

The  blood  of  the  adult  consists  of  a  fluid,  coagulable  substance, 
the  blood  plasma,  and  of  formed  elements  suspended  in  this  inter- 
cellular substance.  The  fluid  medium  of  the  blood  is  of  a  clear 
yellowish  color  and  of  alkaline  reaction,  having  a  specific  gravity 
of  about  1030.  It  is  made  up  of  water,  of  which  it  conLiins  about 
90  % ,  and  various  organic  and  inorganic  substances.  The  formed 
elements  are:  {a)  Red  blood-corpuscles  (erythrocytes) ;  {b)  white 
blood-corpuscles  (leucocytes);  and  {c)  the  blood  platelets  of  Biz- 
zozero  (82),  hematoblasts  of  Hayem,  or  the  thrombocytes  of 
Dekhuysen,  Besides  these,  there  are  present  particles  of  fat,  and, 
as  H.  F.  Miiiler  (96)  has  recently  shown,  also  hemokonia. 


2.  RED  BLOOrKX>RPUSCLES. 

In  man  and  nearly  all  mammalia  the  great  majority  of  the  red 
blood-corpuscles  are  nonoucleated,  biconcave  circular  discs  with 
rounded  edges.  They  have  smooth  surfaces,  are  transparent,  pale 
yellowish-red  in  color,  and  ver}-  elastic.  No  method  has  as  yet 
been  devised  to  demonstrate  a  nucleus  in  these  cells,  and  there  is  no 
doubt  that  the  red  blood-discs  of  the  human  adult  and  of  mammalia 
are  devoid,  in  the  histologic  sense,  of  a  nucleus  capable  of  differen- 
tiation (compare  Lavdowsky ;  Arnold,  96).  They  are  therefore 
peculiarly  modified  cells.  They  possess  a  somewhat  more  resistant 
external  zone  of  exoplasm,  which  has  been  interpreted  as  a  cell 
membrane  by  certain  observers  (Lavdowsk}').  but  which  does 
not  present  the  characteristics  of  a  true  cell  membrane. 

If  fresh  blood  be  left  for  some  time  undisturbed,  the  blood-discs 
adhere  to  each  other  by  their  flattened  surfaces,  grouping  them- 
selves in  rouleaux. 

By  certain  reagents  the  clear  and  transparent  contents  of  the 
blood-corpuscles  can  be  separated  into  two  substances — a  staining 
and  a  nonstaining.  The  first  consists  of  the  blood  pigment,  or 
hemoglobin,  which  can  be  dissolved  ;  the  second  of  a  colorless  sub- 
stance, the  stroma,  which  presents  itself  in  various  forms  (protoplasm 
of  the  cell).  The  stroma  probably  contains  the  hemoglobin  in  solution. 

Hemoglobin  is  a  verj'  complex  proteid  which  may  be  decom- 
posed into  a  globulin  and  a  pigment  hcmatin.  The  hemoglobin  of 
the  majority'  of  animals  crystallizes  in  the  form  of  rhombic  prisms ; 
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in  the  squirrel,  however,  in  hexagonal  plates,  and  in  the  guinea-pig 
in  tetrahcdra.  Hematin  combines  with  hydrochloric  acid  to  form 
Ju'fnin,  or  Tcichvtann  s  crystals,  of  brownish  color,  rhombic  shape, 
and  microscopic  size.  They  are  of  much  value  in  lego-medical 
work,  since  they  may  be  obtained  from  blood,  no  matter  how  old, 
and  arc  characteristic  of  hemoglobin.  They  may  be  obtained 
from  very  soTall  quantities  of  blood  pigment. 

If  a  small  drop  of  blood  pressed  from  a  small  puncture  is 
placed  on  a  slide  and  covered  with  a  cover-glass,  the  red  blood- 
cells  soon  become  changed.  This  is  due  to  the  evaporation  of 
water  in  the  blood  plasma,  causing  an  increased  concentration  of 
the  sodium  chloride  contained,  which  in  turn  draws  water  from  the 
blood-cells     The  shrinkage  which  follows  produces  a  characteristic 


Fig.  151.— Hm- 
mnn  red  bltKHicells ; 
\  150O}  ii.  As  seen 
from  the  surface  ;  />, 
•»  teen  from  the  edge. 


Fig.  152.— So-calle«l 
•*  rouleau"  formation  of 
human  erythrocytes;  X 
1500. 


5i^ 


^'S-  153- — Hemin,  or 
Teichmann's  crystals,  from 
biood  stains  on  a  cloth. 


Hft>  IJ4.— *•  Crenntcd  "  human  red  blood- 
celh;  X  »5oo. 


F^'P  '55- — R^  bJood-corpusctes  sub- 
jected lo  the  action  of  water;  <  1500:  a. 
Spheric  blorbd-cell ;  b,  *'  blood  shadow." 


change  in  the  form  of  the  cells,  which  assume  a  crenated  or  stellate 
•hll{K'.  The  red  blood-cells  of  blood  mounted  in  normal  salt 
iK'conie  crenated  in  a  short  time  for  the  same  reason.  Red  blood- 
cclln  arc  variously  affected  by  different  fluids.  In  water  they  become 
»]»heric  and  lose  their  hemoglobin  by  solution.  Their  remains  then 
apjK'ar  as  clear,  spheric,  indistinct  blood  shadows,  which  may,  how- 
ever, l)c  again  rendered  distinct  by  staining  with  iodin.  Dilute 
acetic  acid  has  a  similar  but  more  rapid  action,  with  this  peculiarity, 
that  luinrc  becoming  paler  the  blood-cells  momentarily  assume  a 
darker  luir.  Hile,  even  when  taken  from  the  animal  furnishing  the 
blood,  exerts  a  peculiar  influence  upon  the  red  blood-cells ;  they 
first  l>ecomc  distended,  and  then  suddenly  appear  to  explode  into 
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small  fragments.  Dilute  solutions  of  tannic  acid  cause  the  hemo- 
globin to  leave  the  blood-cells,  and  coagulate  in  the  form  of  a  small 
globule  at  the  edge  of  the  blood-cell.  In  alkalies  of  moderate 
strength  the  red  blood-cells  break  down  in  a  few  moments. 

Besides  the  disc-shaped  red  blood-cells,  every  well-made  prep- 
aration shows  a  few  small,  spheric,  nonnucleated  cells  containing 
hemoglobin.  These,  however,  have  received  as  yet  but  little 
attention. 

M.  Bethe  makes  the  statement  that  human  blood  and  the  blood  of 
mammalia  contain  corpuscles  of  different  sizes,  bearing  a  definite  numerical 
relationship  to  each  other.  •'  If  they  be  classified  according  to  their  size, 
and  the  percentage  of  each  class  be  calculated,  the  result  will  show  a 
nearly  constant  proportional  graphic  cur\'e  varying  but  slightly,  according 
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Fig.  156. — Red  blood  corpuscles  from  various  vertebrale  animals ;  V  1000  (Welker's 
model)  :  u,  Kram  proieub  (01m)  ;  ^,  from  frog;  r,  from  lizard;  d,  from  sparrow ;  c,  from 
camel  ;  /and  ^%  from  man  ;  A,  from  myoxua  gUs  ;  t,  from  g^oat ;  jt,  (torn  musk-deer. 

to  the  animal  species,"  According  to  M.  Bethe,  dry  preparations  of 
human  and  animal  blood  may  be  distinguished  from  each  other,  with  the 
exception  of  the  blood  of  the  guinea-pig  which  presents  a  curve  identical 
with  that  of  human  blood. 

The  red  blood-cells  of  mammalia,  excepting  those  of  the  llama 
and  camel  species,  are  in  shape  and  structure  similar  to  those  of 
man.  The  red  blood -cells  of  the  llama  and  camel  have  the  shape 
of  an  ellipsoid,  flattened  at  its  short  axis,  but  also  nonnucleated. 

We  have  already  made  mention  of  the  fact  that  the  embryonal 
erythrocytes  are  nucleated  ;  the  question  now  arises  as  to  how,  in 
the  course  of  their  development,  they  lose  their  nuclei.  Three  pos- 
sibilities confront  us  :  First,  either  the  embryonal  blood -cells  are 
destroyed  and  gradually  replaced  by  previously  existing  nonnucle- 
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^    -u,    ::■=   T».naiucieated  red  cells  are  formed 

.     . .  _«s---rc'."n  rf"  the  nucleus  (or  what  appears 

T    tfscr*  er.  Arnold,  96) ;  or,  finally,  the 

._  .      -n  -.!t    rr^:?iial  nucleated  cell.     According  to 

..^.^  -  -     -.  -»«.    :=«:  ihird  possibility  represents  the 

^        -ACS-  *iJt:i 

,  ,.«.c     -_'=KiL>  ixctfpt   mammalia,  the  red   blood- 

,    :,i- .      Txy  ire  elliptic  discs  with  a  biconvex 

^    .«    ::t  ^-sicon  of  the  nucleus.     The  blood- 

,.     -v^   Li-r;  Trell  adapted  for  study  on  account 

•-.     ,=   ..•-%  i:^!  as  a  rule,  contain  an  elongated 

.^^^  .-T^  ciiromatin  framework,  which  gives 

-^    •-.... ;^^.lti•-\::^  jppearance.     The  cell-body  may  be 

^  .:..TWi.  :»:  scvma  and  hemoglobin.     When  sub- 

...s^itSv  -W  cv">ntour  of  the  cells  appears  double 

...^..        >>  ,vncition  is,  however,  no  proof  of  the 

V  ..j-.rf.u?6:      Tbe  blood-cells  of  birds,  reptiles  and 

».;»        :x  ,' > tia"H:>'tes  varies  greatly  in  different  ver- 

_,.  -^.  >  --»»rscx:. t in  each  species.     The  red  blood-cells 

:-^. .    :.  .:x  iy«age  7.5  ;u  (7.2  ^  to  y.S  fi),  in  their  long 

.  x»  .  c.»  in  their  short  diameter.     We  append 

u  ;:ov'  «  a  cubic  millimeter  and  size  in  man  and 

.1 .   ^  -  itn-'U'^  by  Rollett  (7 1,  H)  and  M.  Bethe : 

No.  IN 
..«aA.*«»i  Size.  Cubic  Milli- 

METBR. 

vjmx/^ 7.2-7. 8/i 5,000,000 

,>.,;«>.*.  ruifr)      .    .  7  /^  6,355,000 

^.-»mt  cmmicu/us)      .    .  7.16 6,410,000 

J-Jrij*.^.) 748 5.859»Soo 

^jMts/jm.) 7-2  6,650,000 

S.-Cis  j\^i.) 6.2  9,900,000 

.    r-wjra*.) 558 7»403»5<» 

.    V.'s^Jkmsjav.)  .    .    .    .2.5 

.  .^t  j.*'*a  Aw.)       .    .    .    .  4.25 19,000,000 

iFnMsilla  dom.)    .    .    .Length,    11.9 
Breadth,    6.8 

KC'lMmba) L.  14.7    ...    .    2,010000 

B.  6.5 

I  Calius  dom. )    .    .    .    .  L.  12. 1 

^  B.  7.2 

.  sAnasbosch.)     .    .    .    .  L.  12.9 

B.  8.0 

.  {Ttstudo gracd)     .    .    .  L.  21.2    . 

B.  12.45 

.  iLacerta  agil.)  .    .    .    .  L.  IS/S  • 

B.  9.1 

.  {Colubernatr.)  .    .    .    .  L.  22.0    . 


B.  13.0 

.  (Ranatemp.)     .    .    .    .  L.  22.3 

.  (Bufovuig-) I..  21.8 

B.  15.9 

.  { Triton  cn'sf.)    ...  I..  29.3 

B.  19.5 


629,000 
1,292,000 
829,400 
393.«» 
389,000 
103,000 
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Leogth,  37.8 

Breadth,  23.8 

U  5& 

B-  15 

Adf<nstr  5Jf.)  .    .    .   .  L.  15.4 

B.  ia4 

Cyfrituu  G^^io)  ,   .   .  L.  17.7 

B.  lai 
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3.  WHITE  BLOOD^ORPUSCXES. 


The  white  blood-cells  contain  no  hemoglobin  and  are  nucleated 
elements  which,  under  certain  conditions,  possess  ameboid  move- 
ment. Their  size  varies  from  5  ,"  to  12  a,  and  they  are  less  numer- 
ous than  the  red  blood-corpuscles,  one  white  biood-cell  to  from 
three  hundred  to  five  hundred  red  cells  being  a  normal  proportion. 


P 


/  < 

Fig.  157.— From  the  normal  blood  of  man  ;  X  **oo  (from  dry  prepftimtion  of  H. 
F.  MUllcr)  :  a,  Red  blood  cell ;  b,  lyrophocylc :  c  and  ./,  mononuclear  leucocytes ;  /■, 
transitional  leucocyte;  /and^^,  leucoc>'tes  with  polymorphous  nuclei. 

Flemming  ascribes  a  fibrillar  structure  to  the  protoplasm  of  white 
blood-cells,  and  was  the  first  to  observe  a  ccntrosome  situated  near 
the  nucleus.  M.  Heidenhain  made  the  observation  that  the  white 
blood-cells  possessed  several  centrosomes  grouped  to  constitute  a 
niicrocenter(microccntrLjm)  about  which  the  fibrillar  structure  of  the 
protoplasm  was  arranged  radially.  The  meshes  of  the  fibrillar  net- 
work are  filled  with  a  more  flyid  interfibrillar  substance,  in  which  arc 
found  the  specific  granules  to  be  mentioned  later.  In  the  normal 
blood  the  white  blood-cells  vary  in  size  and  structure,  and  the  fol- 
lowing varieties  are  distinguished  :  (i  )  Small  and  large  lymphocytes  ; 
(2)  mononuclear  leucoc>tes  ;  {3)  transitional  leucocytes  ;  (4)  leuco- 
cytes, either  polymorphonuclear  or  polynuclear. 

The   lymphocytes   form  about   20*fo   of  the  white  blood -cells. 
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^/Bto  7.5  fi  and  possess  a  relatively  large 

•i  wbtdi  is  in  the  form  of  relatively  large 

deeply.     The  nucleus  is  surrounded  by 

often  seen  clearly  only  to  one  side  of 

^  Acsescent     It  does  not  stain  readily  in  add 


IB  aae  from  7  «  to  10  /i.     The  mononuclear 

aboot  2%    to  4«J^  of  the  white  blood-cells. 

or  ov»i  nucleus,  which  usually  does  not  stain 

ift  fdtti\'ely  smaller  than  that  of  the  lympho- 

iSoMvrr/^i,    forming    also   about    zfc    to 

>^  biooil-ceils,  are  dev^cloped  from  the  mononuclear 

^     «|aac)Ott  transitional   stages   in  the  development  of 

jM    «u»SiC>"tes  to  those  with  polymorphous  nuclei.     The 

form  is  similar  in  size  and  structure  to  that 

«afKt> .  but  of  a  more  or  less  pronounced  horse- 

TThe  Sammjiis  icith  polymorphous  nucld,  developed 

t^  ^...^..s..^^  forms,  are  ver>'  numerous  in  the  blood,  form- 

the  entire  number  of  white  blood-cells.     They 

show  the  most  active  ameboid  movement 

<m.  dhr  >*arm  stage.     They  possess  variousl\'  lobu- 

>^-\XfaI  nuclear  masses  often  being  united  by  del- 

M>  ^^  iuickar  substance.     A   leucocyte    with    a   poh^- 

««dkt8»  beoorocs  a  polynuclear  cell  in  case  the  bridges 

ndlltottce  onibng  the  several  lobules  of  the  nucleus  break 

^      TH   ?fce   protoplasm    of  the  transitional  leucocytes,  the 

I  hI  the  polynuclear  forms  are  found  fine  and 

gt^towi.'x     v^f  knowledge  of  these  granules  has,  however. 


yi  *." 


'm..    v^-aUPMliA**  i>.*uc<.VTtic  granules;    X  iSoo  (fmm   ptepartitions  of  H.   F. 

l»JVH**~  '<'  |jr""^<*tc^<  reintively  lar{;e  and  regularly  di^tnbuted  ; 

HUtVt  I  IiiIc   gmnulc»,  f«\v  in  number  and    irregularly  dis> 

««A  v-^da  «iU!  i;i.iuu!c«  of  various  »ize»  ;  f*,  ba»ophilc  ^^nulcs.     (a,  it,  and 

bioud ;    ) ,  Ir^'in  human    leukemic    blood  ;   fi,  Iroin  ihc  blcK>d  c»f 


'  '  -ince  Khrlich  has  shown  that  the  granules  of 
;;v    reactions  toward  certain  anilin  stains,  or 

h  stains.  He  divides  the  granules  of  the  Icuco- 
.x«>«<*'s>  ■■'-  H..»-.ws  which  he  terms  resf^cctively  a-, /5-, «J-, 7'..  and  f- 
r^iji^o^-  In  human  blood  are  found  the  a-granulcs.  which  show  an 
2liM^  ^Acid^nilin  stains,  are  therefore  known  as  acidophile  gran- 
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ules,  and,  since  they  are  most  readily  stained  in  eosin,  are  generally 
spoken  of  as  cosinophile  granules.  In  normal  blood  from  \fc  to  4^ 
of  the  polymorphonuclear  leucocytes  and  now  and  tiien  a  transi- 
tional cell  have  eosinophile  granules.  The  granules  are  coarse  and 
stain  bright  red  in  cosin.  Nearly  all  the  leucocytes  with  granules 
(from  65^  to  68%  of  all  white  blood-cells)  have  « -gran ules  or, 
since  they  are  stained  in  color  mixtures  formed  by  a  combination  of 
acid  and  basic  anilin  stains,  ueutrophilc  granules.  The  neutrophile 
granules  are  much  finer  than  the  eosinophile  and  are  not  stained 
in  acid  stains.  The  f  and  -^-granules  are  stained  in  basic  anilin 
stains,  and  are  known  as  basopliik  granules.  They  are  coarse  and 
irregular,  and  the  leucocytes  containing  them  form  from  0.5%  to 
I  ^0  of  the  white  blood -cells. 

It  cannot  at  this  time  be  definitely  stated  whether  the  different 
varieties  of  granules  are  to  be  looked  upon  as  specific  products  of 
the  protoplasm  of  the  leucocytes,  possibly  of  the  nature  of  granules 
which  may  be  likened  to  the  secretory  granules  of  glandular  cells, 
or  whether  they  arc  to  be  regarded  as  cell  inclusions.  It  has  also 
not  been  clearly  shown  whether  one  variet>'  of  granules  may  develop 
into  another  variet>% — neutrophile  into  eosinophile, — although  this 
has  been  suggested.  According  to  Weidenreich.  eosinophile  gran- 
ules are  thought  to  represent  fragments  of  erythrocytes,  enclosed 
within  the  protoplasm  of  leucocytes. 

The  polymorphism  of  the  leucocyte-nucleus  has  induced  many 
investigators  to  advance  the  theonr'  that  a  direct  division  takes  place 
(fragmentation — Arnold,  Lowit).  Flemming  (91,  III),  however, 
succeeded  in  demonstrating  that  true  mitotic  processes  actually  take 
place,  so  that  in  this  respect  there  really  exists  no  difference  between 
leucocytes  and  other  cells  (compare  also  H.  F.  Muller,  89,  91).  It 
is  only  in  the  formation  of  polynuclear  leucocytes  that  the  poly- 
morphous nucleus  somedmes  undergoes  a  fragmentation  process 
which  results  in  several  parts.  But  even  in  this  case  pluripolar 
mitoses  have  been  observed.  A  division  of  the  cell-body  subse- 
quent to  that  of  the  nucleus  is  lacking  in  the  processes  just 
described.  As  a  result  a  single  cell  with  several  nuclei  is  formed 
(polykaryocyte).     The  fate  of  such  cells  is  still  in  doubt. 

The  extraordinary  motilit)'  which  most  leucocytes  possess,  is  in 
great  part  responsible  for  their  wide  distribution,  even  outside  of 
the  vascular  system.  They  have  the  power  of  creeping  through 
the  walls  of  the  capillaries  (diapedesis,  Cohnheim  67,  I),  and  of 
penetrating  into  the  smallest  connective-tissue  clefts,  between  the 
cells  of  epithclia.  etc.,  whence  they  either  pass  on  (migrator}'-  cells) 
or  remain  stationary  for  a  time.  An  important  function  falls  to  the 
lot  of  the  leucocytes  in  the  absorption  of  superfluous  tissue  particles 
or  in  the  removal  of  foreign  bodies  from  certain  regions  of  the  body. 
In  the  first  case  they  take  part  in  a  process  of  tissue-disintegration  ; 
in  the  second,  they  take  up  the  particles  by  means  of  their  pseudo- 
podia  for  the  purpose  either  of  assimilation  or  of  removal  (phago- 
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cy-tes).  It  may  be  readily  understood  that  the  latter  function  of  the 
leucocytes  is  of  the  greatest  importance  in  certain  pathologic  pro- 
cesses. 

It  is  somewhat  venturesome  at  the  present  state  of  our  knowl- 
edge to  make  definite  statements  as  to  the  origin  in  postcmbr>'onic 
life  of  the  various  forms  of  white  blood-ceils  above  described.  The 
following  statement,  however,  seems  warranted  from  the  evidence 
at  hand. 

The  lymphocytes  would  scum  to  be  developed  in  the  meshes  of 
adenoid  tissue,  especially  in  the  so-called ^i,v/'w  ctfifi'ts of  Flemming. 
in  the  adenoid  tissue  of  lymph-glands  and  lymph-follicles  (see  under 
these).  Here  the  cells  undergo  active  karj'okinetic  division,  but 
where  the  cells  which  pass  through  the  process  originate  is  a  matter 
concerning  which  there  is  a  difference  of  opinion.  Some  investi- 
gators bclic\'e  that  they  penetrate  the  germ  centers  with  the  lymph, 
and  find  there  a  suitable  place  for  division.  Again,  others  see  in 
Flemming's  germ  centers  permanent  organs  whose  elements  remain 
stationary  and  supply  the  blood  with  a  continuous  quota  of  lympho- 
cytes. Be  this  as  it  may.  the  fact  remains  that  the  germ  centers 
are  the  most  important  regions  for  the  formation  of  lymphocytes. 
From  these  they  pass  out  with  the  lymph  current  into  the  blood 
circulation,  or  directly  into  the  blood-vessels,  there  to  enter  upon  the 
functions  which  they  are  called  upon  to  perform.  The  leucocytes 
with  neutr«iphile  granules  are  probably  developed  in  the  blood  and 
lymph  from  mononuclear  leucocytes  which  have  their  origin  in  the 
spleen  pulp,  possibly  also  in  the  bone-marrow.  The  leucocytes  of 
circulating  blood  with  eosinophile  granules  in  all  probability  come 
from  mononuclear  cells  with  such  granules  found  in  bone-marrow. 
Under  certain  conditions  it  would  seem  that  they  also  develop  in 
connective  tissue.  The  leucocytes  with  the  basophile  granules  prob- 
ably enter  the  circulation  from  the  connective  tissue  of  certain  re- 
gions. The  lymphocytes  and  leucocytes  found  in  the  blood  are  also 
found  in  the  lymph-vessels  and  lymph-spaces. 


4.  BLOOD  PLATELETS-THROMBOCYTES. 

The  third  element  of  the  blood  is  the  d/ooJ  platelets  (Bizzozero) 
{blood-placqtus.  Laker ;  hcmatohlasts,  Hayem ;  thnwibocytcs,  Deck- 
huysen  V  They  are  extremely  delicate  and  transitory  structures,  whose 
existence  in  the  living  blood  was  denied  for  a  long  time  by  many  in- 
vestigators, but  whose  pre?;encc  in  the  wing  vessels  of  the  living  bat 
was  conclusively  demonstrated  by  Laker  (84).  They  are  free  from 
hemoglobin,  are  of  round  or  oval  shape,  and  in  mammals  measure 
about  3  ju  in  diameter.  Owing  to  the  fact  that  they  readily  clump 
together  when  blood  leaves  the  vessels,  and  undergo  change,  it  is 
somewhat  difficult  to  give  an  e.stimate  of  their  number.  They  arc 
said  to  be  present  in  human  blood  to  the  extent  of  200,000  to 
300,000  in  every  cubic  millimeter.      By  the  exercise  of  great  care 
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and  the  employment  of  special  methods  on  the  part  of  a  number 
of  recent  observers  (Detjen,  Deckliuysen,  Kopsch  and  Argittinsky), 
they  have  been  able  to  show  that  these  structures  present  a  more 
complicated  structure  than  was  formerly  thought.  When  exam- 
ined in  an  isotonic  salt  solution  (for  mammals  0.9  to  0.95  sodium 
chlorid  solution),  they  present  an  oval  or  short  spindle-shaped  form, 
and  in  them  there  can  be  made  out  a  relatively  large  structure,  which 
stains  in  certain  basic  aniline  stains  and  is  interpreted  as  a  nucleus 
(Deckhuysen).  When  examined  after 
a  method  suggested  by  Detjen  (with  a 
I  per  cent  agar  solution  there  is 
mixed  0.6  per  cent,  sodium  chlorid, 
0.3  per  cent  of  sodium  metaphos- 
phate  and  dipotassium  phosphate;  a 
thin  layer  of  this  agar  mixture  is 
spread  on  the  slide  and  a  drop  of 
blood  mounted  between  it  and  the 
cover),  the  blood  platelets  or  throm- 
bocytes may  be  observed  on  the  warm 
stage  for  several  hours,  and  it  may  be 
seen  that  they  present  ameboid  move- 
ment, in  that  short,  thread-like  pro- 
cesses pass  out  from  the  cell,  which 
may  alter  their  shape  and  position 
and  which  may  be  again  w^ithdrawn. 

When  the  blood  leaves  the  blood- 
vessels, the  blood  platelets  or  throm- 
bocytes break  down  very  quickly, 
unless  the  above-mentioned  methods 
are  made  use  of,  so  that  in  ordinarj- 

fresh  preparations  or  generally  in  dried  films  they  are  not  to  be 
observed  in  an  unaltered  state.  The  nuclei  disappear  and  the  pro- 
toplasm becomes  granular  or  vacuolated.  The  breaking  down  of 
the  blood  platelets  or  thrombocytes  is  accompanied  by  the  forma- 
tion of  fibrin  (coagulation  of  the  blood),  the  fibrin  threads  beginning 
at  the  borders  or  processes  of  tlie  platelets,  and  radiating  in  all 
directions  (Kopsch). 

Hfmokonia.—  U.  F.  Muller  (96)  found  in  the  blood  of  healthy  and 
diseased  individuals  highly  refractive,  colorless,  and  round  (seldom  rod- 
like) bodies,  which  he  terms  •' hemokonia. '*  Their  numbers  vary, 
although  ihey  are  normal  constituents  of  the  blood.  Their  nature  and 
origin  are  obscure.  They  do  not  dissolve  in  acetic  acid,  nor  are  they 
blackened  by  osmic  acid.  The  latter  would  seem  to  indicate  that  they 
do  not  consist  of  ordinary  fat  substance,  although  they  are  probably  com- 
posed of  a  substance  closely  allied  10  fat.  They  are  usually  i  /i  in  diam- 
eter. 


'/ 


Fig.    159. — Fibrin    from   laryngeal 
vessel  of  child  ;  X  about  300- 
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cytes).     It  may  be  readily  understood  that  the  latter 
leucocytes  is  of  the  greatest  importance  in  certain 
cesses. 

It  is  somewhat  venturesome  at  the  present  stat- 
edge  to  make  definite  statements  as  to  the  origin  " 
life  of  the  various  forms  of  white  blood-cells  abos  i 
following  statement,  however,  seems  warranted  i- 
at  hand. 

The  lymphocytes  would  seem  to  be  dev^elop« 
adenoid  tissue,  especially  in  the  so-callell,i,''£7V^ 
m  the  adenoid  tissue  of  lymph-glands  and  lym 
these).      Here  the  cells  undergo  active  kar^ 
where  the  cells  which  pass  through  the  proct 
concerning  which  there  is  a  difference  of  o 
gators  believe  that  they  penetrate  the  germ 
and  find  there  a  suitable  place  for  divisi  • 
Flemming's  germ  centers  permanent  orgai 
stationary  ami  supply  the  blood  with  a  cc" 
cytes.      He  this  as  it  may,  the  fact  ren 
are  the  most  important  regions  for  tlu- 
From  these  they  pass  out  with  the  K- 
circulation,  or  directly  into  the  blood -\ 
functions  which  they  are  called  upon 
with  neutrophile  granules  are  probaM 
lymph  from  mononuclear  leucocytes 
spleen  pulp,  possibly  also  in  the  bor 
circulating  blood  with  eosinophile 
from  mononuclear  cells  with  such 
Under  certain   conditions  it  woul'i 
connective  tissue.     The  leucocyte 
abh^  enter  the  circulation   from 
gions.     The  lymphocytes  and  h 
found  in  the  lymph-vessels  and 
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i  itticular  connective  tis- 

This  consists  of  a  net- 

gbcous  connective  tissue 

viach  an:   situated  on  the 

^^  meshes  the  l>Tiiph-cells 

^^^jjBgcd  that  on  microscopic 

^/^mfiy  covered  unless  very  thin 

^  jc  ftfflovxxl  from  the  meshes  of 

^  section  with  a  fine  brush  or 

"tV  filled  with  water  and  sub- 

of.  still  better,  by  subjecting 

to  <figestion  with  pancreatin. 

•    mucous  membrane  of  the 

lil  tract,  uterus,  etc.  (vid. 

V  abo  sharply  defined  in  the 
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'Nicies  or  nodules.     These  are  either 

*^cred  into  groups,  agminatfd 

ed  in  the  mucous  mem- 

Tti  lymph-nodules  also 

:;J   the  adenoid  reticulum. 

L-T I  trie  ally  at  the  periphery  ; 

-Lir  tissue  usually  has  wider 

-  tJ en sely  placed.     (Fig.  160.) 

1--.  often  show  numerous  mitoses, 

I  ;itif»!i  of  the  cells  takes  place. 

iDe   lymph-follicle  or  the  newly 

iriphery  of  the  nodule,  and  are  then 

'•  slow  lymph  current  which  circu- 

J-  of  the  reticular  connective  tissue. 

■  '1  tliat  central  part  of  the  nodule  con- 

-.  ils  the  germ  center  or  secondary  nodule 

-  l^erm  centers  are  transitory  structures,  and 

•i  in  different  stages  of  development     They 

r  a  time. 


.N 


""— ~-~-Epi(heliiiin 
of  inter- 
line. 
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Fig.  i6o. — A  solitary  lymph  nodule  from  the  human  colon.    At  a  is  seen  the  pronounced 
concentric  arrafigcment  of  the  Ijinph-cells. 


The  lymph-glands  are  organs  of  a  more  complicated  structure, 
but  also  consist  of  lymphoid  tissue.  They  are  situated  here  and  there 
in  the  course  of  the  lymph-vessel  and  are  widely  distributed.  Their 
size  varies  greatly.  In  shape  they  are  much  like  a  bean  or  kidney, 
and  the  indentation  on  one  side  is  known  as  the  hilum.  The  affer- 
ent lymph-vessels,  the  vasa  affcrcntia^  enter  at  the  convex  surface 
of  the  organ,  while  the  efferent  vessels,  the  t^asa  efferentia,  pass  out 
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at  the  hilum.  The  whole  gland  is  surrounded  by  a  capsule  consist- 
ing of  two  layers:  the  outer  is  made  up  of  a  loose,  and  the  inner  of 
a  more  compact,  connective  tissue  in  which  elastic  fibers  and  a  few 
smooth  muscle-fibers  are  imbedded  Portions  of  the  inner  layer 
pass  into  the  substance  of  the  gland  to  form  septa,  or  tradeculiE,  by 
means  of  which  the  organ  is  divided  into  a  number  of  imperfectly 
separated  compartments.  These  trabeculae  may  be  very  well 
developed,  as  in  the  lymph-glands  of  the  domestic  cattle,  or  only 
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Fig,  161. — Transverse  section  of  human  cerrical  lymph  gland,  showing  the  genenl 
struciure  of  a  lymph-gland;  >  iS.  i>g,  Hlood  vcssrU  ;  <;/,  fibrous  capsule;  ft,  hilum; 
>fs,  genu -center  ;  «/,  lymph  -  nodule  ;  st,  cortical  substance;  §yn,  medullary  substance; 
/r,  trabecute ;  via,  afferent  lymph-vessels;  -/f,  efferent  lymph-ves**!*  ("Atlas  and 
Epitome  of  Human  Histology,"  Sobotta). 


poorly  developed,  as  in  the  human  lymph-glands,  where  they  arc 
often  almost  wanting.  The  lymphoid  tissue  of  the  gland  is  so 
distributed  that  at  its  periphery  a  large  number  of  more  or  less 
clearly  defined  lymph-nodules  are  found,  which  arc  in  part  separated 
from  each  other  by  the  trabecuL-e  just  described,  the  cortwal  fwdulcs. 
The  nodules  are  structural  units  and  have  a  t>'pical  blood  supply, 
and   are  in   structure   like  the  lymph-nodules  of  simple  and  ag- 
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minated  follicles  above  mentioned.  They  form  a  peripheral  layer 
which  is,  however,  not  clearly  defined  in  the  neighborhood  of  the 
hilum.  This  layer  is  known  as  the  cortex  of  the  lymph -gland. 
(Fig.  161.)  The  lymphoid  tissue  o(  the  interior  of  the  gland,  the 
medullary  substance,  is  in  the  shape  of  cords — medullary  cords — 
which  are  continuous  with  the  lymphoid  nodules  of  the  cortical 
portion.  These  connect  with  each  other  and  form  a  network  of 
lymphoid  tissue,  in  the  open  spaces  of  which  lie  the  trabeculae.  At 
their  periphery  the  nodules  and  medullar)'  cords  arc  bordered  by  a 
wide-meshed  lymphatic  tissue,  the  lymph-sinus  of  the  gland,  parts 
of  which  lie  (i)  between  the  capsule  and  the  cortical  substance,  (2) 
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Fig.  l6a. — From  a  human  Ivmph-glaiul ;     ■     240.     At  a   are    fiecn  the  concentrically 
arranged  cells  uf  ihe  lyTOph-nodules.      ^Mxation  with  Fiemming's  tluid. ) 


between  the  nodules  of  the  latter  and  the  trabecul^e,  (3)  between 
the  medullary  cords  and  the  trabecuhf,  and  (4)  between  the  medul- 
lary substance  and  the  capsule  at  the  hilum.  At  the  hilum  the 
loose  lymphoid  tissue  represents  a  terminal  sinus  ( Toldt).  These 
smuses  are  lined  throughout  by  endothelial  cells,  which  are  continu- 
ous with  those  of  the  afferent  and  efferent  lymph-vessels.  The 
lymph  flows  int<;)  the  gland  through  the  ahlcrent  \'essels,  and  passes 
along  into  the  interior  through  the  spaces  offering  the  least  resist- 
ance (sinuses).  The  latter  represent  those  peripheral  portions  of 
the  nodules  and  of  the  medullary  cords  in  which  the  lymjihoid  tissue 
is  present  in  loose  arrangement.    The  lymph  consequent!)*  envelops 
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not  only  the  lymph-nodules  of  the  cortical  substance,  but  also  the 
medullary  cords,  and  finally  streams  into  the  terminal  sinus  and 
then  into  the  efferent  channels.  As  a  result  the  lymph  takes  with 
it  the  newly  formed  cells  of  the  lymph-noduIes  and  the  medullary 
cords,  and  passes  out  richer  in  cellular  elements  than  on  its  entrance. 

The  lymph-glands  receive  their  blood  supply  mainly  through 
the  hilum  ;  relatively  small  arterial  branches  may  penetrate  the 
capsule.  Generally,  a  number  of  arterial  branches  enter  at  the 
hilum.  from  whence  they  may  pass  directly  into  the  medullary 
substance,  or  pass  for  a  distance  in  trabecular.  In  their  course 
branches  are  given  off  which  pass  to  the  medullar)'  cords,  in  which 
they  break  up  into  capillary  vessels  situated  in  the  periphery  of  the 
cords.  These  unite  to  form  small  veins  which  anastomose  freely, 
and  unite  to  form  larger  veins.  The  cortical  nodules  receive  their 
blood  supply  from  arterial  branches  which  enter  their  proximal 
sides  (side  toward  the  hilum)  and  course  through  the  center  of  the 
nodules,  giving  off  capillary  vessels  which  pass,  without  much 
anastomosis,  to  the  periphery  of  the  nodules,  where  they  unite  to 
form  plexuses  ;  the  capillaries  of  these  plexuses  join  to  form  the 
veins  of  the  nodules,  which  are  thus  situated  at  their  periphery'. 
These  veins  unite  to  form  larger  veins,  which  leave  the  glands  at 
the  hilum  (Calvert). 

MeduUated  and  nonmedullated  nerves  penetrate  the  lymph- 
glands  accompanying  the  blood-vessels  on  which  they  terminate. 

Hemolymph  Glands. — A  typical  lymph -gland  possesses  afferent 
and  efferent  lymph-vessels  and  a  closed  blood-vascular  system 
completely  separated  from  the  lymph -vascular  system,  as  may  have 
been  seen  from  the  foregoing  description.  Attention  has,  however, 
been  called  in  recent  years  to  certain  lymph-glands  in  which  the 
complete  separation  of  the  vascular  and  lymphatic  systems  does 
not  obtain, — glands  in  which  the  formed  elements  of  blood  and 
lymph  are  intermingled  in  tlic  meshes  of  the  adenoid  reticulum^ 
and  which  contain  blood-sinuses  in  place  of  the  lymph-sinuses 
observed  in  the  typical  lymph-glands.  These  have  been  designated 
as  hemolymph  glands  (Blutlymphdrusfu,  hemal  glands,  hemal 
lymphatic  glands).  In  the  t)'pical  hemolymph  glands  there  are 
no  afferent  and  efferent  lymphatic  vessels  ;  the  glands  are  inter- 
calated in  the  vascular  system.  Certain  less  clearly  defined  hemo- 
lymph glands  possess  afferent  and  efferent  lymphatics  and  blood- 
sinuses,  the  two  systems  being  not  completely  separated.  These 
may  be  considered  transitional  forms. 

Lymph-glands  with  blood-sinuses  were  first  described  by  Gibbis, 
who  foutul  such  glands  in  the  region  of  the  renal  artery.  They 
were  further  considered  and  more  fully  described  by  Robertson,  to 
whom  the  term  hemolymph  glands  is  to  be  credited,  and  by  Clark- 
non.  Vincent  and  Harrison,  Drummond,  Warthin,  Weidenreich 
and  I.cwi.H.  It  appears  from  their  description  that  they  are  widely 
distributed  among  vertebrates,  although  not  equally  well  developed 
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in  tiie  different  types  studied.  Warthin  has  discussed  more  fully 
than  other  observers  the  hcinolymph  glands  of  man,  and  his  account 
will  here  be  followed  in  the  main.  It  may  be  parenthetically  stated 
that  the  hemol\'mph  glands  are  numerous  and  well  developed  in 
the  sheep  (Warthin,  Weidenreich) ;  not  so  well  differentiated  in  the 
dog  and  cat ;  on  the  other  hand,  well  developed  in  the  rat 
(Lewis). 

We  learn  from  the  account  of  Warthin  that  the  hemolymph 
glands  are  numerous  in  man,  in  the  prevertebral  retroperitoneal 
region,  in  the  cervical  region,  and  less  numerous  in  the  thorax. 
They  varj'  in  size  from  that  of  several  millimeters  to  that  of  several 
centimeters.  They  present  a  variety  of  structure,  depending  mainly 
upon  the  arrangement  of  the  lymphoid  tissue  and  blood-sinuses. 
The  great  majority  of  these  glands  show  a  resemblance  in  structure 
to  splenic  tissue  (splenolymph  glands) ;  others  resemble  more 
closely  marrow-tissue  (marrow  lymph -glands).  Between  the  two 
varieties  of  lymph-glands  there  are  found  transition  forms,  as  also 
between  these  and  lymph-glands  (W^arthin). 

The  hemolymph  glands  (splenohmph  glands)  are  surrounded 
by  a  capsule  varying  in  thickness  and  composed  of  white  fibrous 
and  elastic  tissue  and  nonstriated  muscle-cells.  From  it  trabeculae 
of  the  same  structure  pass  into  the  gland,  which  after  division  arc 
lost  in  the  substance  of  the  gland.  Beneath  the  capsule  there  is 
found  a  continuous  or  discontinuous  blood-sinus,  bridged  over 
by  reticular  fibers,  from  which  anastomosing  sinuses  pass  to  the 
interior  of  the  gland.  These  blood-sinuses  are,  in  part  at  least,  lined 
by  endothelial  cells.  The  sinuses  in  the  gland  substance  are  also 
bridged  by  trabecuLne  and  reticular  fibers.  The  sinuses  divide  the 
lymphoid  tissue  into  anastomosing  masses  and  cords.  This  tissue 
consists  of  an  adenoid  reticulum,  in  the  meshes  of  which  are  found 
white  and  red  blood-cells.  The  small  lymphocytes  are  numerous; 
next  in  frequency  are  found  the  mononuclear  leucocytes ;  transi- 
tional and  polymorphonuclear  cells.  Basophile  and  eosinophile 
cells  are  also  found.  According  to  Weidenreich,  the  eosinophile 
cells  are  numerous  ;  he  is  also  of  the  opinion  that  the  eosinophile 
granules  are  derived  from  disintegrating  red  blood-cells.  In  the 
reticulum  and  in  the  blood-sinuses  are  found  mononuclear  phago- 
cytes, the  origin  of  which  has  not  been  fully  determined.  Certain 
'observers  (Schumacher,  Weidenreich)  trace  their  origin  to  the  cells 
of  the  reticulum  ;  Thoma  regards  them  as  developed  from  endo- 
thelial cells,  while  Drummond  and  others  regard  them  as  altered 
leucocytes.  They  contain  disintegrating  red  blood-cells  and  pig- 
ment (according  to  Weidenreich,  eosinophile  cells).  The  majority 
of  the  hemolymph  glands  present  a  hilum  through  which  the 
blood-vessels  enter.  The  arteries,  soon  after  entering  the  gland, 
divide  into  smaller  branches,  certain  of  which  communicate  directly 
through  blood-capillaries  with  the  blood-sinuses  (Lewis)  ;  others 
pass  to  the  adenoid  tissue.     The  larger  veins  are  in  the  trabeculae 
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(at  the  hilum).  On  leaving  the  trabeculje  their  walls  are  formed  of 
endothelium  and  adenoid  reticulum,  which  separates  theni  from  the 
blond-sinuses.  They  end  (or  begin)  in  lacuna  with  thin  walls 
which  are  perforated  and  communicate  with  the  blood-sinuses 
(Weidenreich).  Nerves  have  been  traced  to  the  hemolymph  glands 
by  Lewis  (dog.  rat).  They  probably  end  in  the  involuntary  muscle 
of  the  capsule  and  trabecuht.  T\'pical  hemolymph  glands  have  no 
lymph-vessels.  In  certain  glands  both  blood-  and  lymph-sinuses 
are  found.  In  such  glands  there  is  apparently  an  intermingUng  of 
blood  and  lympii.  so  that  red  blood-cells  may  pass  into  the 
lymphatics. 

The  marrow  lymph -glands  are  not  so  numerous.  They  have  a 
thin  capsule  consisting  of  fibrous  tissue  but  containing  little  elastic 
and  muscular  tissue.  The  blood-sinuses  are  not  so  well  developed. 
In  the  lymphoid  tis.suc  the  basophile  and  eosinophile  cells  are  more 
numerous  than  in  tire  spleiiolymph  glands,  and  large  cells  similar  to 
the  large  bone-marrow  cells  are  now  and  then  met  with. 

As  appears  from  the  accounts  of  the  majority  of  observers  who 
have  studied  hemolymph  glands,  they  have  a  hemnlytic  function, 
in  that  the  red  blood -cells  are  destroyed  in  them.  Robertson  and 
Clarkson  ascribe  tu  them  a  blood-forming  function.  This  has  also 
been  observed  by  Warthin  in  the  case  of  marrow  I\'mph-glands, 
under  certain  conditions,  The  hemolymph  glands  are  seats  of 
origin  for  the  white  blood-cells  which  appear  also  to  be  destroyed 
here  (eosinophile  cells,  Weidenreich). 


C  THE  SPLEEN. 

The  spleen  is  a  blood-forming  organ,  in  which  white  blood-cells 
and,  in  embryonic  life  and  under  certain  conditions  in  adult  life  also, 
red  blood-cells  arc  formed — the  former  in  the  adenoid  tissue  (Mal- 
pighian  corpuscles)  and  spleen  pulp,  the  latter  only  in  the  spleen 
pulp. 

The  spleen  is  covered  by  peritoneum,  and  possesses  a  capsule 
consisting  of  connective  tissue,  elastic  fibers,  and  nonstriated  muscle- 
cells.  This  capsule  sends  numerous  processes  or  trabeculie  into 
the  interior  of  the  organ,  which  branch  and  form  a  framework  in 
which  the  vessels,  especially  the  veins,  are  imbedded.  This  con- 
nective-tissue framework  breaks  up  to  form  the  reticular  tissue 
which  con.stitutes  the  ground  substance  of  the  spleen. 

On  examining  a  section  of  the  spleen  with  the  low-power  mag- 
nifying glass,  sections  of  the  trabecular,  and  round  or  oval  masses 
of  cells,  having  a  diameter  of  about  0.5  mm.,  and  in  structure  and 
appearance  similar  to  the  Ijmph-nodules  (Malpighian  corpuscles), 
are  clearly  defined  ;  between  and  around  these  structures  is  a  tissue 
rich  in  cells,  blood-vessels  and  blood-corpuscles,  known  as  the 
spleen  pulp. 


THE    SPLEEN. 

The  organ  has  a  very  typical  blood  supply.  Its  arteries  enter 
at  the  hilum.  or  indented  surface,  and  its  veins  pass  out  at  the  same 
place.  On  the  penetration  of  the  vessels  through  the  capsule,  the 
latter  forms  sheaths  around  them  (trabeculae),  but  as  soon  as  the 
arteries  and  veins  separate,  the  trabecular  envelop  the  veins  alone. 
The  arteries  break  up  into  smaller  branches,  which  in  turn  divide 
into  a  large  number  uf  tuft-likc  groups  of  arterioles.  Soon  after  their 
separation  from  the  veins,  the  adventitia  (outer  fibrous  tissue  coat)  of 
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Fig.  l6j. — Portion  of  section  of  human  spleen  ;  >■:  15.  The  ngure  gives  a  general 
Tiew  of  the  siruclure  of  the  spleen  :  <;.  Arteries  with  lymphoid  shcalhs  j  lJ\  fibrou.s  capsule; 
Mt,  Malpighian  corpu&cle  ;  //,  spleen  pulp  ;  Ir,  trabeculx  ;  v,  vein  in  Uabecula  ("Atlas 
and  Epitome  of  Human  Hisiolog>,"  Sobolta). 

the  arteries  begins  to  assume  a  I}"mphoid  character.  This  lymphoid 
tissue  increases  here  and  there  to  form  true  Ij'mphoid  nodules,  pos- 
sessing all  the  characteristics  already  mentioned — reticular  tissue, 
germ  centers,  etc.  These  are  the  Maipighian  bodu's,  or  iorpuscles  ; 
they  are  not  very  plentifully  represented  in  man.  The  Malpighian 
bodies  with  tbeir  germ  centers  are  formative  centers  for  the  lympho- 
cytes. The  newly  formed  cells  pass  into  the  pulp  and  mix  with  its 
elements,  which  are  then  bathed  by  the  blood  emptying  from  the 
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arterial  capillaries  into  the  channels  of  the  pulp.  The  lymphoid 
sheaths  and  nodules  derive  their  blood  supply  from  arteries  which 
arise  from  the  lateral  branches  of  the  splenic  vessels,  and  which 
divide  into  capillaries  inside  of  the  lymph  sheaths  or  nodules,  and 
only  assume  a  venous  character  outside  of  the  lymphoid  substance. 
These  vessels  constitute  the  nutritive  vascular  system  of  the  spleen. 

The  small  arterial  branches  above  mentioned  break  up  into  very 
fine  arterioles  which  gradually  lose  their  lymphoid  sheath,  so  that 
branches  with  a  diameter  ofo.02  mm.  no  longer  possess  a  lymphoid 
sheath,  but  again  assume  an  adventitia  of  the  usual  type.  The 
smallest  arterioles  now  pass  over  into  capillaries  which  are  for  a 
time  accompanied  by  the  adventitia  (capillary^  sheath),  while  the 
terminal  branches  have  the  usual  structure  of  the  capillary  wall  and 
are  gradually  lost  in  the  meshes  of  the  pulp.  (See  below.)  On  the 
other  hand,  the  beginnings  of  the  venous  capillaries  may  be  dis- 
tinctly seen  in  the  pulp  spaces.  Groups  of  these  capillaries  com- 
bine to  form  larger  vessels,  which,  however,  still  retain  a  capillary 
structure,  and  these  again  form  small  veins  which  unite  to  form  the 
larger  veins. 

F.  P.  Mall, whose  recent  contributions  on  the  structure  of  the  spleen 
have  greatly  extended  our  knowledge  of  the  microscopic  anatomy  of 
this  organ,  states  that  the  trabecular  and  vascular  systems  together 
outline  masses  of  spleen  pulp  about  i  mm.  in  diameter,  which  he  has 
named  spieen  lobuhs.  Each  lobule  is  bounded  by  three  main  in- 
terlobular trabeculiTe,  each  of  which  sends  three  intralobular  trabe- 
culre  into  the  iobule  which  communicate  with  each  other  in  such  a 
manner  as  to  divide  the  lobule  into  about  ten  smaller  compartments. 
An  artery  enters  at  one  end  of  the  lobule  and,  passing  up 
through  its  center,  gives  off  a  branch  to  the  spleen  pulp  found  in 
each  of  the  ten  compartments  formed  by  the  intralobular  trabecular. 
The  spleen  pulp  in  these  compartments  is  arranged  in  the  form  of 
anastomosing  columns,  or  cords,  to  which  Mall  has  given  the  name 
of  pulp  cords.  The  branches  of  the  main  intralobular  arter\',  going 
to  each  compartment,  divide  repeatedly  ;  the  terminal  branches 
course  in  the  spleen-pulp  cords,  and  in  their  path  give  off  numerous 
small  side  branches  which  end  in  small  expansions  known  as  the 
ampulla:  of  Thoma.  An  ampulla  of  Thoma  may  be  divided  into 
tliree  parts.  The  first  part,  which  is  the  ampulla  proyjer,  is  lined  by 
spindle-shaped  cells,  directly  continuous  with  the  endothelial  cells  \^{ 
the  artery.  The  second  third,  which  often  communicates  with  neigh- 
boring ampuUaf.  contains  large  side-openings.  The  remaining  third, 
which  is  the  intermediary  .segment  of  Thoma  {Thoma  s  Zivuchtn- 
stiick),  is  difficult  to  demoiistrate.  It  is  bridged  over  by  fibrils  of 
reticulum,  and  its  communication  with  the  vein  is  not  wide.  The 
circulation  through  the  spleen  is  therefore  not  a  closed  one,  through 
a  system  of  capillaries  completely  closed,  but  rather  through  spaces 
in  the  spleen -pulp,  certain  of  which  are  more  direct,  leading  from 
the  terminal   arteries   to  the   veins.     According  to  this  view,  thcn» 
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"the  blood  passes  from  the  ampullae  into  the  pulp  spaces,  then 
through  the  pores  into  the  walls  of  the  veins  to  form  columns  of 
blood  discs  whicli  are  pushed  from  the  smaller  to  the  larger  veins 
of  the  spleen."  The  pulp  spaces  usually  contain  very  few  blood- 
corpuscles,  in  preparations  fixed  and  prepared  in  the  usual  way, 
since  on  removal  from  the  animal  the  muscular  tissue  of  the  capsule 
and  trabeculre  contracts  and  presses  the  blood  from  pulp  spaces 
into  the  veins.  If.  however,  the  muscular  tissue  of  the  spleen  is 
paralyzed  before  the  tissue  is  fixed,  numerous  blood-corpuscles  are 
found  in  the  pulp  spaces.  In  the  above  account  of  the  ultimate 
distribution  of  the  splenic  vessels  we  have  follnwed  ver\-  closel>'  the 
recent  r)bser\'ations  of  F.  F.  Mall.  The  accompanying  diagram 
(Fig.  164),  shghtly,  though  immaterially,  modified  from  one  given 
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J"ig.  164.— 'Diagram  of  loljule  of  the  spleen  (Mnll,  "|ohns  Hopkins  Hospital 
Bulletin,"  ScpU,  Oct.,  1898).' 


by  F.  P.  Mall,  shows  clearly  the  trabecular  and  vascular  systems 
of  a  spleen  lobule,  la  larger  spleens  there  may  be  some  two  hun- 
dred thousand  of  these  lobules.  In  a  dog  weighing  10  kg.  there 
are  on  an  average  some  eighty  thousand  (F.  P.  Mall), 

The  splenic  pulp  consists  of  a  reticulum,  in  the  meshes  of 
which  are  found  (i)  fully  developed  red  blood-cells;  (2)  now 
and  then  nucleated  red  blood-cells;  (3)  in  many  animals  giant 
cells  ;  (4)  cells  containing  red  blood-corpuscles  and  the  remains  of 
such,  with  or  without  pigment  ;  (5)  the  different  varieties  of  white 
•  blood-cells,  especially  a  relatively  large  proportion  of  mononuclear 
leucocytes.  Pigment  granules,  cither  e.xtra-  or  intracellular,  also 
occur  in  the  splenic  pulp.  The  pigment  probabK'  originates  from 
disintegrating  erythrocytes.     Besides  these  are  found,  especially  in 
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from  which  they  develop  may  lose  their  nuclei  in  the  spleen  pulp 
or  only  after  entcrinjj  the  circulation  (compare  Bone-marrow). 

Lymphatic  vessels  have  been  observed  in  the  capsule  and  tra- 
becular, but  not  in  the  spleen  pulp  nor  Malpjghian  corpuscles. 

The  spleen  receives  medullaled  and  nonmeduUated  nerve-fibers  ; 
the  latter  arc  much  more  numerous.  The  meduUated  nerve- 
fibers  are  no  doubt  the  dendrites  of  sensor}^  neurones.  Their 
mode  of  ending  has,  however,  not  been  determined.  It  is  probable 
that  they  will  be  found  to  terminate  in  the  fibrous-tissue  coat  of  the 
vessels,  and  in  the  trabecular  and  capsule.  The  nonmeduUated 
ner\-e-fibers,  no  doubt  llie  neuraxes  of  sj-mpathetic  neurones,  arc 
very  numerous  j  they  enter  the  spleen  with  the  arterj''  and  mainly 
follow  its  branches.  By  means  of  the  chrome-silver  method, 
Retzius  (92)  has  shown  that  in  the  rabbit  and  mouse  these  nerve- 
fibers  foUovv  the  vessels,  forming  plexuses  which  surround  them, 
the  terminal  branches  of  those  plexuses  terminating  in  free  endings 
in  the  muscular  coat  of  the  arteries.  Here  and  there  a  nerve-fiber 
could  be  traced  into  the  spleen  pulp.  The  mode  of  ending  of  such 
fibers  could,  however,  not  be  determined.  The  nonstriated  muscle- 
cells  of  the  trabecule  and  capsule  no  doubt  also  receive  their  inner- 
vation from  the  nonmeduUated  nen-es  (neuraxes  of  sympathetic 
neurones), 

D.  THE  BONE-MARROW. 

The  ingrowing  periosteal  bud  which  ushers  in  the  process  of 
endochondral  ossification  constitutes  the  first  trace  of  an  embryonal 
bone-marrow  (compare  p.  1 17).  It  consists  mainly  of  elements 
from  the  periosteum  which  penetrate  with  the  vascular  bud  and  later 
form  the  entire  adult  bonc-marrovv.  The  n-ii  bont--niarnru'  is  formed 
first.  This  is  present  in  embryos  and  young  animals,  and  is  devel- 
oped from  the  above  elements  during  the  process  of  ossification. 
As  Neumann  {Si')  has  shown,  the  red  bone-marrow  of  the  human 
embryo  is  first  formed  in  the  bones  of  the  extremities  and  gradually 
replaced  in  a  proximal  direction,  so  that  in  the  adult  it  is  found 
only  in  the  proximal  epiph)'se.s.  in  the  flat  bones  and  in  the 
bodies  of  the  vertebrae.  In  the  remaining  bones  and  parts  of  bones 
the  red  bone-marrow  is  replaced  by  the  yellow  bone-marrow  (fat- 
marrow). 

As  a  result  of  hunger  and  certain  pathologic  conditions  the  yel- 
low bone-marrow  changes  into  a  gelatinous  substance,  which,  how- 
ever»  may  again  assume  its  original  character. 

The  red  bone-marrow,  surrounded  by  a  delicate  fibrous-tissue 
membrane,  the  endostcum,  is  a  tissue  consisting  of  various  cellu- 
lar elements  imbedded  in  a  matrix  of  reticular  tissue,  which  has 
been  demonstrated  by  Enderlen  with  the  chrome-silver  method, 
and  which  is  similar  to  the  adenoid  reticulum.  Aside  from  these 
cellular  elements,  the  marrow  contains  numerous  vessels  (see  below), 
fixed  connective-tissue  cells,  etc. 
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The  typical  cellular  elements  of  red  bone-maiTow  are  : 
I.  The  Marnnv-cdls,  or  Myelocytes. — These  are  cells,  slightly 
larger  than  the  leucocytes,  possessing  a  relatively  large  nucleus  of 
round  or  oval  shape,  rarely  lobular,  containing  a  relatively  small 
amount  of  chromatin.  In  the  protoplasm  of  tliese  cells  are  found 
(in  man)  neutrophile  granules  and  now  and  again  small  vacuoles. 
They  arc  said  to  contain  various  pigment  granules.  These  cells 
are  not  found  in  normal  blood,  but  are  found  in  circulating  blood  in 
certain  forms  of  leukemia,  where  they  may  be  distinguished  from 
the  mononuclear  leucocytes  partly  by  their  structure,  more  particu- 
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Fig.  1 67-— Cover-glass  preparation  from  the  bone  marrow  of  dog;  V  X200  (from 
prejKirftlion  of  H.  F.  Miiller) :  ci,  Mast-cell ;  h^  lymphoc)'te  ;  ^,  cosiuophile  cell :  d,  red 
blood-cell  ;  «-,  eryihroblasi  in  process  of  division  ;  /;  /,  normoblast;  ^^  erjlhroblasi. 
Myelocyte  not  shown  in  this  figure. 


larly   by  the  presence   of  neutrophile   granules   not  found  in  the 
mononuclear  leucoc)'tes. 

2.  NiicUatcd  Red  Blood-cells  containing  Hemoglobin,  —  Two 
varieties  of  these  cells  are  recognized  structurally,  with  interme- 
diary stages,  as  one  variet>'  is  developed  from  the  other.  The 
crythrobliuts,  being  genetically  the  earlier  cells,  possess  relatively 
large  nuclei  with  distinct  chromatin  network,  surrounded  by  a 
protoplasm  tinged  with  hemoglobin,  and  are  often  found  in  a  stage 
of  mitosis.  The  other  \'ariet\'  of  nucleated  red  blood-cells,  the 
normoblasts,  are  deveh^ped  from  the  er>'throblasts.  They  contain 
globular  nuclei,  staining  deeply,  in  which  no  chromatin  network 
is  recognizable,  and  surrounded  by  a  layer  of  protoplasm  containing  < 
hemoglobin.  The  normoblasts  arc  changed  into  the  nonnucleated 
red  blood-discs  by  the  extrusion  of  the  nucleus.  This  process 
occurs  nomiallv  in  the  red  bone-marrow,  or  in  the  venous  spaces 
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of  the  bone-marrow  (see  below).     In  certain  pathologic  conditions, 
nucleated  red  blood-cells  are  found  in  the  circulation. 

3.  Cells  with  Eosinophilc  Granules. — In  the  red  bone-marrow 
are  found  numerous  eosinophile  (acidophile)  cells,  some  with  round 
or  oval  nuclei  (mononuclear  eosinophile  cells),  others  with  horse- 
shoe-shaped nuclei  (transitional  eosinophile  cells),  and  still  others 
with  polymorphous  nuclei.  The  latter,  which  are  the  most  numer- 
ous, are  no  doubt  the  mature  cells,  and  are  identical  with  those 
elements  of  the  blood  having  the  same  structure. 
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Fig.  168. — From  a  section  through  human  rrd  bone-marrow  ;  x  680.  Technic 
No.  216:  rt.y,  Kurmublast>;  /',  reiiciilum  ;  r,  mit>iNis  in  giant  cell;  */,  giant  cell;  e,  A, 
myelocytes ;  ^,  mitosis  ;   /,  space  containing  fat-cells. 


4.  Cells  ztitk  basophilic  s^ranuiis.  In  the  bone-marrow  arc  found 
mononuclear  cells  in  which  basophilc  granules  may  be  difierentiated 
with  special  reagents. 

5.  The  various  forms  of  hiicocytcs  and  the  lymphocytes  found  in 
blood  and  lymph. 

6.  The  i^ntti'lls  (myeloplaxes),  which  are  situated  in  the  center 
of  the  marrow,  and  contain  simple  or  polymorphous  nuclei,  or 
lie  adjacent  to  the  bone  in  the  form  of  osteoclasts,  which  are,  as  a 
rule,  polyniiclcar  (compare  p.  120).  The  physiologic  significance 
of  the  giant  cells  is  still  obscure.  They  probably  originate  from 
single  leucocytes  by  an  increase  in  size  of  the  latter,  and  not,  as 
many  assume,  from  a  fusing  of  several  leucocytes.  The  giant  cells 
are  endowed  with  ameboid  movement,  and  often  act  as  phagocytes 
(the  latter  qualit>'  is  denied  them  by  M.  Heidenhain,  94). 
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M.  Heidenhain  {94)  has  made  a  particular  study  of  the  giant 
cells.  According  to  him  the  nuclei  of  these  cells  take  the  fomi  of  per- 
forated hollow  spheres  whose  thick  walls  contain  '' endoplasni."  The 
latter  is  coniinuous  with  ihe  remaining  protoplasm  of  the  cell,  the  '*exo- 
plasm  "  through  the  "perforating  canals"  of  the  nuclear  wall.  The 
e\o|.'lasni  is  arranged  in  three  concentric  layers,  separated  from  each 
other  by  membranes,  the  external  membrane  of  the  outer  zone  being  the 
membrane  of  the  cell.  The  outer  layer  or  marginal  zone  is  of  a  transient 
nature,  but  is  always  renewed  by  the  cell.  Thus,  the  cell-membrane  is 
replaced  by  the  secondary'  memlirane  situated  between  the  second  and 
third  /one.  According  to  the  same  author  the  functions  of  the  giant 
cells  appear  to  consist  in  '*  the  selection  and  elaboration  of  certain  albu- 
minoid substances  of  the  lymph  and  blood  currents,  which  are  later 
returned  to  the  circulation."  The  number  of  centrosomes  occurring  in 
the  mononuclear  giant  cells  of  the  bone -marrow  is  very  large,  and  in 
some  cases,  as  in  a  i»lurif>olar  mitosis,  may  even  exceed  one  hundred  in 
numtjer. 

The  distribution  of  the  blood-vessels  in  the  bone-marrow  is  as 
follows  :  On  enterinj^^  the  bone  the  nutrient  arteries  divide  into  a 
large  number  of  small  branches,  which  then  break  up  into  small 
arterial  capillaries.  The  latter  pass  over  into  relatively  large  venous 
capillaries  with  relatively  thin  walls,  which  appear  perforated  in 
certain  places,  so  that  the  venous  blood  pours  into  the  spaces 
of  the  red  bone-marrow  where  the  current  is  very  slow.  The 
blood  passes  out  by  means  of  smaller  veins  formed  by  the  conflu- 
ence of  the  capillaries  which  collect  the  blood  from  the  marrow.  It 
is  worth  mentioning  that  the  venous  vessels,  while  inside  of  the 
bone-marrow,  possess  no  valves  ;  but,  on  the  other  hand,  they 
have  an  unusually  large  number  of  valves  immediately  after  leaving 
the  bone. 

Yellow  bone-marrow  is  derived  from  red  bone-marrow  by  a 
change  of  the  marrow-cells  into  fat-cclls.  The  gelatinous  marrow, 
on  the  contrary,  is  characterized  by  the  small  quantity  of  fat  which 
it  contains.  Neither  the  j'elluw  nor  the  gelatinous  bone-marrow  is 
a  blood-forming  organ  (compare  Neumann,  90 ;  Bizzozero,  91  ; 
H.  F.  Mullcr,  91  ;  van  der  Stricht,  92). 


E,  TKE  THYMUS  GLAND. 

Tlie  thymus  gland  is  usually  considered  as  belonging  to  the 
lymphoid  organs,  although  in  its  earliest  development  it  resembles 
an  epithelial,  glandular  structure.  In  the  epithelial  stage,  this  gland 
develops  from  the  entoderm  of  the  second  and  third  gill  clefts. 
Mesodermic  cells  grow  into  this  epithelial  structure,  proliferate  and 
then  <Iifferent(ate  into  a  tissue  resembling  adenoid  tissue.  It  retains 
this  structure  until  about  the  end  of  the  second  >'ear  after  birth,  when 
it  slowly  begins  to  retrograde  into  a  mass  of  fibrous  tissue,  adipose 
tissue,  and  cellular  debris,  which  structure  it  presents  in  adult  life. 
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By  means  of  connective-tissue  septa,  the  thymus  is  divided  into 
larger  lobes,  and  these  again  into  smaller  lobes,  until  finally  a 
number  of  small,  irregularly  spheric  structures  are  formed — the 
lobules  of  the  gland.  These  are.  however,  connected  by  cords  of 
lymphoid  tissue,  the  so-called  medullary  cords.     The  lobules  of  the 


Fig.  169. — .\  small  lobule  from  die  tliynius  of  chiltl,  wilh  wdl-rlevdoped  cortex, 
prtsciitiiii;  a  struclure  sinular  tu  lliat  of  the  cortex  of  a  lymjjb-gland  ;  ;<  60  :  ,1, 
Hilus ;  ^,  medullary  substance  ;   t^  cortical  substance  ;  ■/,  trabecula. 

thymus  gland  consist  of  a  reticular  connective  tissue  much  mare  deli- 
cate at  the  periphen,'  than  at  the  center  of  the  lobule.  The  reticulum 
supports  branched  connective-tissue  cells,  with  relatively  large  nuclei. 
In  the  meshes  of  the  reticular  tissue  are  cellular  elements,  in  structure 
similar  to  the  lymphocytes,  which  are  more  numerous  at  the  periph- 
ery of  the  lobule  than  at  its  center,  so  that  we  may  here  speak  of 
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Fig.   170. — Hassal's   corjtuitcle   and  a  small  portion  of  medullary  substance,  showing 
reticulum  and  cells^  from  ibjTnus  of  a  thiUI  t<;n  days  old. 

the  lobule  as  divided  into  a  cortical  and  a  medullary  portion. 
Lcucoc}'tes  with  polymorphous  nuclei,  also  leucocytes  with  eosino- 
phile  granules,  are  also  found.  The  medullary  portion  is  usually 
entirely  surrounded  by  the  cortical  substance,  but  may  penetrate  to 
the  periphery  of  the  lobule,  allowing  the  blood-vessels  to  enter  and 
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leave  at  this  point.  In  the  cortical  substance  occur  changes  which 
result  in  the  forn)ation  of  structures  closely  resembling  the  cortical 
nodules  of  lymph-i^Iands. 

Until  recentl\',  little  was  known  of  the  significance  of  this  organ. 
A  careful  study  revealed  a  similarity  between  certain  cellular  ele- 
ments of  the  thymus  and  the  constituents  of  the  biood -forming 
organs, — a  similarity  still  more  striking  from  the  presence  of 
nucleated  red  blood-cells  in  the  thymus.  Logically,  then,  the 
embryonal  thymus  is  to  be  regarded  as  one  of  the  blood-forming 
organs  (Schafier,  93,  I). 

During  embryonic  life  from  the  fourth  month  on  and  for  some 
time  after  birth,  there  are  found  in  tlie  thymus  peculiar  epithelial 
bodies,  known  as  the  corpuscles  of  Hassal.  They  are  splieric  struc- 
tures, about  o.  I  mm.  in  diameter,  whose  peripher>'  shows  a  con- 
centric arrangement  of  the  epithelial  cells.  In  their  central  portions 
are  found  a  few  nuclear  and  cellular  fragments.  These  bodies 
occur  only  in  the  thymus  gland.  They  are  remnants  of  the  primary 
epithelial,  glandular  structure  of  the  thymus,  and  are  formed  by  an 
ingrowth  of  mesoderm  which  breaks  down  the  epithelium  into  small 
irregular  masses,  mechanically  compressed  by  the  proliferating 
mesoderm. 

The  thymus  gland  has  a  relatively  rich  blood  supply.  Arterial 
branches  enter  the  lobules  usually  near  the  medullary  cords  and  form 
capillary  networks  at  the  boundaries  of  the  medullary  and  cortical 
portions  ;  from  this  anastomosing  capillaries  radiate  to  the  periphery 
of  the  lobules,  joining  to  form  a  relatively  dense  capillary  network 
under  the  connective-tissue  covering.  The  veins  arise  from  this  cap- 
illar)' network  and  are  situated  mostly  in  the  interlobular  connec- 
tive tissue.  Certain  of  the  veins  are  in  the  medullary  portions  of 
the  lobules,  where  they  accompany  the  arteries  (Kolliker,  v.  Kbner). 

The  lymph-vessels  are  in  the  interlobular  connective  tissue  in 
close  apposition  with  the  adenoid  tissue. 

Nerve-fibers  accompanying  the  blood-vessels  have  been  ob- 
served. 


II.  THE  CIRCULATORY  SYSTEM. 

The  walls  of  the  blood-vessels  vary  in  structure  in  the  diflferent 

divisions  of  the  vascular  system.  All  the  vessels,  including  the 
heart,  possess  an  inner  endothelial  lining.  In  addition  to  this,  the 
larger  vessels  are  provided  with  other  layers,  which  consist,  on  the 
one  hand,  of  connective  and  elastic  tissue  and,  on  the  other,  of  non- 
striated  muscle-fibers.  The  vessels  are  also  richly  supplied  with 
nerves,  that  form  jilexuses  in  which  ganglion  cells  are  sometimes 
found,  and  in  the  larger  vessels  the  outer  layer  is  honeycombed  by 
nutrient  blood-vessels,  called  vasa  vasorum.  In  the  heart,  the  mus- 
cular tissue  is  especialh'  well  developed.    According  to  the  structure 
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of  the  vessels,  we  distinguish,  in  both  arteries  and  veins,  large, 
medium-sized,  small,  and  precapillary'  vessels,  and  finally,  the  capil- 
laries themselves.  The  latter  connect  the  arterial  and  venous  pre- 
capillary vessels.  In  the  lymphatic  system  we  must  further  dis- 
tinguish between  the  larger  lymph -vessels,  the  sinuses,  and  the 
>iUaries. 

A.  THE  VASCULAR  SYSTEM. 


J,  THE  HEART. 

In  the  heart  there  are  recognized  three  main  coats — the  endo- 
cardium, the  myocardium,  and  the  pericardium  or  epicardium. 

The  endocardium  consists  of  plate-like  endothelial  cells,  with 
very  irregular  outlines.  Beneath  this  endothelial  layer  is  a  thin 
membrane  composed  of  unstrii>ed  muscle-cells,  together  with  a 
small  number  of  connective-tissue  and  elastic  fibers.  Below  this  is 
a  somewhat  thicker  and  looser  layer  of  elastic  tissue  connected  ex- 
ternally with  the  myocardium.  Between  the  two  layers  are  found, 
here  and  there,  traces  of  a  layer  of  Purkinjc' s  fibers  (compare  p, 
147).  Purkinje's  fibers  are  found  in  the  heart  of  many  mammalia, 
although  absent  in  the  heart  of  the  human  adult. 

The  auricultrocntncularvahcs  of  the  heart  represent,  in  general, 
a  duplication  of  the  endocardium.  The  layer  of  smooth  muscle- 
fibers  fr»und  in  the  latter  is  better  developed  on  the  auricular  surface. 
At  the  points  of  insertion  of  the  chordae  tendine^  the  connective- 
tissue  layer  is  strongly  developed  and  assumes  a  tendon-like  con- 
sistency. The  st'milunar  valves  of  the  aorta  and  pulmonary  artery 
have  a  similar  structure.  In  the  nodules  of  these  valves  the  clastic 
fibers  are  especially  dense  in  thtir  arrangement. 

The  myocardium  is  made  up  of  the  heart  muscle-fibers  already 
described  (zv//.  p.  145).  Between  the  heart  muscle- fibers  and 
bundles  of  such  fibers  are  thin  layers  of  fibrous  connective  tissue 
containing  a  network  of  capillaries.  The  myocardium  of  the  auricles 
may  be  dividetl  into  two  layers,  of  which  the  outer  is  common  to  both 
auricles,  the  fibers  of  which  have  a  nearly  circular  arrangement,  while 
the  deeper  layer  is  separate  for  each  chamber.  The  arrange- 
ment of  the  heart  muscle-fibers  of  the  ventricles  is  complicated. 
.With  special  methods  of  maceration  J.  B.  MacCallum  was  able  to 
show  that  "tlie  superficial  fibers  are  found  to  have  origin  in  the 
auriculovcntricular  ring,  to  wind  about  the  heart  spirally,  and  to  end 
in  tendons  of  the  papillary'  muscle  of  the  opposite  ventricle.  The 
■  deep  layers  also  begin  in  the  tendon  of  one  auriculovcntricular  ring, 
pass  around  to  the  interventricular  septum,  cross  over  backward  or 
forward  in  this  septum,  and  end  in  the  papillar)'  muscle  of  the  other 
ventricle.  In  the  light  of  this,  the  heart  consists  of  several  bands 
of  muscles  with  tendons  at  each  end,  rolled  up  like  a  scroll  or  like 
the  letter  S."     The  musculature  of  the  auricles  is  almost  completely 


214 


THE    CIRCXLATORV   SYSTEM. 


separated  from  that  of  the  ventricles  by  means  of  the  annulus  fibro- 
sus  atriovcntncutaris,  or  the  auric ulo ventricular  ring,  which  consists 
in  the  adult  of  connective  tissue  containinj^  numerous  delicate  and 
densely  interwoven  clastic  fibers. 

The  pcricariiium  consists  of  a  visceral  layer,  the  cpkarJium,  ad- 
hering closely  to  the  myocardium,  and  a  parietal  layer  (pericardium), 
loosely  surrounding  the  heart  and  continuous  at  the  up|x*r  portion 
of  the  heart  with  the  visceral  layer.  Between  the  two  la\ers  is  the 
pericardial  cavity,  containing  a  small  quantit}'  of  a  serous  fluid — 
the  pericardial  fluid.  In  the  visceral  layer  (the  epicardium)  we 
find  a  connective-tissue  stroma  covered  by  flattened  mesothehal 
cells.  A  similar  structure  occurs  also  in  the  parietal  hiycr,  although 
here  the  connective -tissue  stroma  is  considerably  reinforced.  De- 
posits  of  fat,  in  most  cases  in  the  neighborhood  of  the  blood-vessels, 
are  sometimes  seen  between  tlie  myocardium  and  the  visceral  laj'er 
of  the  pericardium. 

According  to  Seipp,  the  distribution  of  the  elastic  tissue  in  the 
heart  is  as  follows  :  The  endocardium  of  the  ventricles  contains  far 
more  elastic  tissue  than  that  of  the  auricles,  especially  in  the 
left  ventricle,  where  e\'en  fenestrated  membranes  may  be  present. 
In  the  myocardium  of  the  ventricles  there  are  no  ehistic  fibers  aside 
from  those  which  are  found  in  the  adventitia  of  the  contained  blood- 
vessels. In  the  myocardium  of  the  auricles,  on  the  contrary,  such 
fibers  are  very  numerous  and  are  continuous  with  the  elastic 
elements  in  the  walls  of  the  great  veins.  The  epicardium  also  pre- 
sents clastic  fibers  in  the  auricles  continuous  with  tho.se  of  the  great 
veins  emptying  into  the  heart,  and  in  the  ventricles  continuous  with 
those  in  the  adventitia  of  the  conus  arteriosus.  In  those  portions 
of  the  heart-wall  containing  no  muscular  tissue  the  elastic  elements 
of  the  epicardium  are  continuous  with  those  of  the  endocardium.  In 
the  new-born  the  cardiac  valves  possess  no  elastic  fibers,  although 
they  are  present  in  the  adult.  They  are  developed  on  that  side  of 
each  valve,  which,  on  closing,  is  the  more  stretched — for  instance, 
on  the  auricular  side  of  the  auriculoventricular  valves. 

riic  heart  has  a  rich  blood  supply.  The  capillaries  of  the  myo- 
cardium are  very  numerous,  and  so  clostly  placed  around  the 
muscle  bundles  that  each  muscular  fiber  comes  in  ctnnact  with  one 
or  more  capillaries.  In  the  endocardium  tlie  vessels  are  confined 
to  the  connective  tissue.  The  auriculoventricular  valves  con- 
lain  blood-vessels,  in  contradistinction  to  the  semilunar  valves, 
whicli  are  non-\  ascular,  while  the  chordar  tendincai  are  at  best  very 
poorly  supplied  with  capillaries. 

The  coronary  arteries,  which  tei-minate  in  the  capillaries  above 
mentioned,  are  terminal  arteries  in  the  sense  that  "  the  resistance  in 
the  anastumosing  branches  is  greater  than  the  blood  pressure  in  the 
arteries  leading  lo  those  branches  (Pratt.  98).  This  observer  has 
further  shown  that  the  vessels  of  Thebesius  (small  veins  which 
o|K:n  on  ihe  endocardial  surfaces  of  the  \entricles  and  auricles  and 
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communicate  directly  with  all  the  chambers  of  the  heart)  "open 
from  the  ventricles  and  auricles  into  a  system  of  fine  brandies  that 
communicate  with  the  coronary  arteries  and  veins  by  means  of 
capillaries,  and  with  the  veins,  but  not  with  the  arteries,  bj-  passages 
of  somewhat  larger  size";  so  that,  although  tlie  blood  supply  through 
the  coronar)'  arteries  for  a  given  area  of  the  mj'ocardium  is  cut  off, 
the  heart  muscle  of  this  area  may  receive  blood  through  tlie  vessels 
of  Thebesius. 

Lymphatic  netivorks  ha\'c  been  shown  to  exist  in  the  endocar- 
dium, and  their  presence  in  the  pericardium  is  not  difficult  to  demon - 
strate.  Little  is  known  with  regard  to  the  lymph-channels  of  the 
myocardium. 

The  nerve  supply  of  the  heart  includes  numerous  medullated 
nerve-fibers,  the  dendrites  of  sensory  neurones,  and  numerous  non- 
medullated  fibers,  the  neuraxes  of  sympathetic  neurones.  Smirnow 
(95)  described  sensor}' nen-e-endings  in  the  endocardium  of  amphibia 
and  mammalia,  which  he  suggests  may  be  the  terminations  of  the 
depressor  nerve.  Dogiel  (98)  has  corroborated  and  extended  these 
obsen'ations,  and  has  described  complicated  sensor}-  tulttdendria 
situated  both  in  the  endo-  and  pericardium.  The  latter  states  that, 
after  forming  plexuses  and  undergoing  repeated  division,  the  medul- 
lated sensor}^  nerves  lose  their  medullar)-  sheaths,  the  neuraxes 
further  dividing  in  numerous  varicose  fibers,  variously  interwoven 
and  terminating  in  telodendria,  whicli  \'ary  greatly  in  shape  and 
configuration.  These  telodendria  are  surrounded  by  a  granular 
substance  containing  branched  cells,  probably  connective-tissue 
cells,  the  interlacing  branches  of  which  form  a  framework  for  the 
telodendria.  Similar  sensor}^  nerve-endings  occur  in  the  adventitia 
of  the  arteries  ami  veins  of  the  pericardium  (Dogiel,  9S) ;  and 
Schemetkin  has  shown  that  sensor\-  nerve-endings  occur  in  the  adven- 
titia and  intinia.  e.specially  in  the  latter,  of  the  arch  of  the  aorta  and 
pulmonary  arteries.  In  the  heart,  under  the  pericardium  on  the 
posterior  wall  of  the  auricles  and  in  the  sulcus  coronarius,  are  found 
numerous  sympathetic  neurones  whose  cell-bodies  are  grouped 
to  form  sympathetic  ganglia.  The  neuraxes  of  these  sympathetic 
neurones — varicose,  nonmedullated  nerve-fibers — form  intricate 
plexuses  situated  under  the  pericardium  and,  penetrating  the  myo- 
cardium, surround  the  bundles  of  heart  muscle-fibers.  From  the 
varicose  ner\^e-fibers  constituting  tlie.se  plexuses,  fine  branches  are 
given  off,  which  terminate  on  the  heart  muscle-cells  in  a  manner 
previously  described  (see  p.  166  and  Fig.  132).  The  cell-bodies  of 
the  sympathetic  neurones,  the  neuraxes  of  which  thus  terminate 
on  the  heart  muscle-fibers,  are  surrounded  by  end-baskets,  the 
telodendria  of  small  medullated  nerve-fibers  which  reach  the  heart 
through  the  vagi.  The  slowed  and  otherwise  altered  action  of  the 
heart-muscle,  produced  on  stimulating  directly  or  indirectly  the 
vagus  nerves  is  therefore  due  not  to  a  direct  action  of  these  nervC' 
fibers  on  the  heart  muscle-cells,  but  to  an  altered  functional  activity 
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produced  by  vagus  stimuli  in  at  least  some  of  the  sympathetic  neu- 
rones situated  in  the  heart,  the  neu raxes  of  which  convey  the  im- 
pulse to  the  heart  muscle.  Tlie  heart  receives  further  nerve  supply 
through  sympathetic  neurones,  the  cell-boi.Iies  of  which  are  situated 
in  the  inferior  cervical  and  stellate  ganglia,  the  neura.\es  of  which 
enter  the  heart  as  the  augmentor  or  accelerator  nerves  of  the  heart. 
The  mode  of  ending  of  these  nerve-fibers  has  not  as  yet  been  fully 
determined.  It  may  be  suggested  as  quite  probable  that  they  ter- 
minate on  the  dendrites  of  sympathetic  neurones,  the  cell-bodies  of 
which  are  not  inclosed  by  end-baskets  of  ner\  es  reaching  the  heart 
through  the  vagi,  as  above  described.  It  is  also  possible  that  they 
end  directly  on  the  heart  muscle-cells.  The  cell -bodies  of  the 
sympathetic  neurones,  the  neu  raxes  of  which  form  the  augmentor 
nerves,  are  surrounded  by  the  telodeodria  of  small  medullated 
fibers,  forming  end-baskets,  which  leave  the  spinal  cord  through  the 
anterior  roots  of  the  upper  dorsal  nerves.  Besides  the  nerves  here 
described,  nonmedullated  nerves  (whether  the  neuraxes  of  sympa- 
thetic neurones,  the  cell-bodies  of  which  are  situated  inside  or  out- 
side of  the  heart  has  not  been  fully  determined),  form  plexuses  in 
the  walls  of  the  coronarj^  vessels,  terminating,  it  would  seem,  on  the 
muscle-cells  of  the  media  (vasomotor  nerves). 


2.  THE  BLOOD-VESSELS. 

A  cross-section  of  a  blood-vessel  shows  several  coats.  The 
inner  consists  of  flattened  endothelial  cells,  and  is  common  to  all 
vessels.  The  second  varies  greatly  in  thickness,  contains  most  of 
the  contractile  elements  of  tne  arterial  wall,  and  is  known  as  the 
media,  or  tunica  media.  Its  elastic  fibers  have  in  general  a  circular 
arrangement  and  are  fused  at  the  inner  and  outer  surfaces  to  form 
fenestrated  membranes,  the  lamina  elastica  interna  and  externa. 
Outside  of  the  media  lies  the  adventitia  or  tunica  externa,  consist- 
ing in  the  arteries  almost  entirely  of  connective  tissue  and  in  the 
veins  principall)'  of  contractile  elements,  smooth  muscle-fibers. 
Between  the  internal  clastic  membrane  and  the  endothelial  layer  is 
a  fibrous  stratum  whicii  varies  in  structure  in  the  diflfercnt  vessels 
of  larger  caliber.  This  is  the  subendothelial  layer,  or  the  inner 
fibrous  layer,  and  forms,  together  with  the  endothelium,  the  intima 
or  tunica  intima.  Bonnet  (96).  as  a  result  of  his  own  investigations, 
sugge.*ils  a  somewhat  different  classification  of  the  layers  composing 
the  arterial  wall.  According  to  him,  the  endothelium  alone  con- 
stitutes the  intima.  The  elastic  membranes,  both  internal  and 
external,  together  with  the  tissue  lying  between  them,  and  that 
between  the  internal  elastic  membrane  and  the  intima,  constitute 
the  media.  The  tissue  layers  outside  the  external  elastic  membrane 
form  the  tunica  externa  (adventitia). 

(n)  Arteries. — In  the  .f.'^n  <?/  arterial  truuks,  such  as  the  pulmo- 
nalis,  carotis,  iliaca.  etc..  the  tunica  media  possesses  a  very  t\'pical 
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[made  up  of  a  few  circularly  disposed  muscular  fibers.     The  adven- 
>  ttiia  is  composed  of  a  small  quantity  of  connective  tissue,  and  con- 
tains no  vasa  vasorum. 

(d)  Veins. — In  the  foregoing  account  of  the  structure  of  the 
arteries  wc  have  described  the  structure  of  their  walls  according  to 
the  caliber  of  the  vessels.  Such  a  differentiation  in  the  case  of  the 
veins  would  be  impossible,  since  sometimes  veins  of  the  same  cali- 
ber present  decided  differences  in  structure  in  various  parts  of  the 
body. 

For  tlie  sake  of  convenience,  wc  will  commence  with  the  de- 
scription of  a  vein  of  medium  size.  Its  intima  consists  of  three 
layers  :  (i)  Of  an  inner  layer  of  endothelium;  (2)  of  an  underly- 
ing layer  of  muscle-cells,  interrupted  here  and  there  by  connective 
tissue  ;  and  (3)  of  a  fibrous  connective -tissue  layer  containing  fewer 
elastic  but  more  white  fibrous  connective -tissue  fibers  than  is  the 
case  in  the  arteries.     Externally,  the  iiitima  is  limited  by  an  in- 
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Fig.  174. — Cross-section  of  human  internal  jugular  vein.     At  tJie  left  of  the  nerve  are 
two  large  blood-vessels  with  a.  smaller  one  between  them  (vasa  v&sorum)  ;   X  ^S^- 

ternal  elastic  layer.  The  media  is  in  general  less  highly  developed 
than  tliat  of  a  corre.sponding  arter}-,  and  contains  muscle-cells  which 
have  a  circular  arrangement  and  in  some  veins  form  a  continuous 


220 


THE   CIRCULATORY    SYSTEM. 


layer,  although  they  sometimes  occur  as  isolated  fibers.  The  adven- 
titia  shows  an  inner  longitudinal  muscular  layer,  which  may  be  quite 
prominent  and  even  form  the  bulk  of  the  muscular  tissue  in  the  wall 
of  the  vein.  Otherwise  tlie  adventitia  of  the  veins  belonging  to  this 
class  corresponds  in  general  to  that  of  the  arteries  of  the  same 
size  ;  but  here  also  we  have,  as  in  the  intima,  a  preponderance  of 
white  fibrous  connective-tissue  elements. 

In  the  crural,  brachial,  and  subcutaneous  veins,  the  muscula- 
ture of  the  media  is  prominent ;  while  in  the  jugular,  subclavian, 
and  innominate  veins,  and  in  those  of  the  dura  and  pia  mater,  the 
muscular  tissue  of  the  media  is  entirely  wanting,  and,  as  a  conse- 
quence, the  adventitia  with  its  musculature,  if  present,  is  joined 
directly  to  the  inttma.  - 

In  the  sftMiiiT  vt'ifis  the  vascular  wall  is  reduced  to  an  endothe- 
lial lining,  an  internal  elastic  membrane,  a  media  consisting  of 
interrupted  circular  bands  of  smooth  muscle-fibers  (which  may  be 
absent),  and  an  adventitia  containing  a  few  muscle-fibers.  The 
precapillary  veins,  which  possess  in  general  thinner  walls  than  the 
corresponding  arteries,  present  a  greatly  reduced  intima  and  ad- 
ventitia, while  the  media  has  completely  disappeared. 
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Fig    175. — Section  of  small  vein  (hunuin);   X  ^AO- 


The  valves  of  the  veins  are  reduplications  of  the  intima  and 
vary  slightly  in  structure  at  their  two  surfaces.  The  inner  surface 
next  to  the  blood  current  is  covered  by  elongated  endothelial  cells, 
while  the  outer  surface  possesses  an  endothelial  lining  composed  of 
much  shorter  cellular  elements.  The  greater  part  of  the  valvular 
structure  consists  of  white  fibrous  connective-tissue  and  clastic  fibers. 
Flattened  and  circularly  arranged  muscle-cells  are  met  with  at  the 
inner  surface  of  many  of  the  larger  valves.  The  elastic  fibers  are 
more  numerous  beneath  the  endothcHum  on  the  inner  surt'ace  of  the 
valves  (Ranvier.  89). 

(f )  The  Capillaries. — The  capillaries  consist  solely  of  a  layer  of 
endotlielial  cells,  accompanied  here  and  there  by  a  very  delicate  struc- 
tureless membrane,  and  rarely  by  stellate  connective -tissue  cells.  The 
connective  tissue  in  the  immediate  neighborhood  of  the  capillaries 
is  modified  to  such  an  extent  that  its  elements,  especially  those  of  a 
cellular  nature,  seem  to  be  arranged  in  a  direction  parallel  with  the 
long  axis  of  the  capillaries.     When  examined  in  suitable  prepara- 
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tions,  the  endothelium  of  the  capillaries  is  seen  to  form  a  continuous 
layer,  the  cells  of  which  are,  as  a  rule,  greatly  flattened  and  present 
very  irregular  outlines. 

It  is  a  well-known  fact  that  a  migration  of  the  leucocytes  occurs 
from  the  capillaries  and  smaller  vessels  (compare  p.  193).  In  this 
connection  arises  the  question  as  to  whether  or  not  the  cells  pass 
through  certain  preformed  openings  in  the  endothelium  of  these 
vessels,  the  so-cailed  stomata,  or  through  the  stigmata  and  intercel- 
lular cement  uniting  the  cnduthcilal  cells.  The  latter  seems  more 
probable,  as  stomata  do  not  occur  normally  in  the  capillary  wall. 
This  subject  will  be  further  touched  upon  in  the  description  of  the 
lymphatic  system. 

The  capillaries  connect  the  arterial  and  venous  precapillary  ves- 
sels, and  in  general  accommodate  themselves  to  the  shape  of  the 
elements  of  tissues  or  organs  in  which  they  are  situated.     In  the 


Fig.  176.— Endothelial  cells  of  capillary  (a)  and  precapillary  (^)  from  the  meseniery  of 
mbbtt ;  stained  ia  silver  nitrate. 


muscles  and  nerves,  etc.,  they  form  a  network  with  oblong  meshes, 
while  in  structures  having  a  considerable  surface,  such  as  the  pul- 
monar}'  alveoli,  the  meshes  are  more  inclined  to  be  round  or  oval ; 
such  small  evaginations  of  tissue  as  the  papilL-e  of  the  skin  contain 
capillaries  arranged  in  the  shape  of  loops.  In  certain  organs — as,  for 
instance,  in  the  lobules  of  the  liver — the  capillaries  form  a  distinct 
network  with  small  tiieshes. 

Sinf4smds. — In  connection  with  the  description  of  capillaries  we 
may  here  insert  a  brief  account  of  another  t\'pe  of  terminal  or 
peripheral  blood-channels,  described  by  Mtnot  under  the  name  of 
sinusoids;  his  account  is  here  followed.  The  sinusoids  are  also 
composed  only  of  endothelial  cells.  They  differ,  however,  from 
blood-capillaries  in  shape  and  size,  in  their  relation  to  the  cellular 
elements  of  the  tissues  in  which  they  are  found,  and  in  their  devel- 
opment. They  are  of  relatively  large  size,  and  vary  between  wide 
extremes.  They  are  of  very  irregular  shape  and  anastomose  freely. 
"A  sinusoid  has  its  endothelium  closely  fitted  against  the  paren- 
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cliyma  of  the  orgjan,"  without  the  intervention  of  connective  tissue; 
or,  when  this  is  present,  usually  only  in  small  quantity,  it  is 
secondarily  acquired,  since  in  the  early  developmental  stages  of 
sinusoids  no  connective  tissue  intervenes  between  them  and  the 
parenchyma  of  the  tissue.  They  develop  by  the  intergrowth  and 
intercrescence  of  the  parenchyma  of  the  organ  and  venous  endothe- 
lium. Sinusoids  are  found  in  the  following  organs:  liver,  suprarenal, 
heart,  parathyroid,  carotid  gland,  spleen,  and  hcmolymph  glands. 

(d)  Anastomoses,  Retia  mirabilia,  and  Sinuses. — In  the 
course  of  certain  vessels,  abrupt  changes  are  seen  to  occur — as,  for 
instance,  when  a  small  vessel  suddenly  breaks  up  into  a  network 
of  capillary  or  precapillary  vessels,  which,  after  continuing  as  such 
for  a  short  distance,  again  unite  to  form  a  larger  blood-channel, 
the  latter  then  dividing  as  usual  into  true  capillaries.  Such  struc- 
tures are  known  as  ntia  tniftibiUa,  and  occur  in  man  in  the  kid- 
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Fig.  177. — Small  nrter)'  from  the  oml  submucosa  of  cat,  suined  in  taetliyl«ne> 
blue.  And  showing  a  smAll  portion  of  a  sensory  nerve-ending  and  the  plexus  of  vmMmolor 
nerves. 


ney,  intestine,  etc.  Again,  instead  of  breaking  up  into  capillaries, 
a  vessel  may  empt)"  into  a  large  cavity  lined  by  endothelial  cells 
(blot)d  sinus).  The  latter  is  usually  surrounded  by  loose  con- 
nective tissue  and  is  capable  of  great  distention  when  filled  with 
blood  from  an  afferent  vessel,  or  when  the  lumen  of  the  efferent 
vcs.sel  is  contracted  by  pressure  or  otherwise.  The  cavernous  or 
erectile  ti.ssuc  of  certain  organs  is  due  to  the  presence  of  such 
sinuses  (penis,  nasal  mucous  membrane,  etc.).  If  vessels  of  larger 
caliber  pos.sess  numerous  direct  communications,  a  vascular  plexus 
is  the  result  ;  but  if  such  communications  occur  at  only  a  few 
points,  we  speak  of  anastomoses.  Especially  important  are  the 
direct  c«)nimunications  between  arteries  and  veins  withuut  the 
mediation  of  capillaries.  Certain  structural  conditions  of  the  tis- 
»uc  appear  to  favor  such  anomalies,  which  occur  in  certain  exposed 
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areas  of  the  skin  (ear,  tip  of  nose,  toes)  and  in  the  meninges,  kid- 
ney, etc. 

The  blood-vcsscis,  and  more  particularly  the  arteries,  possess  a 
rich  nerve  supply,  comprising  both  nonmcdullated  and  mcdullated 
nerves.  The  nonmudulUilcd  nerves,  the  neuraxes  of  sympathetic 
neurones,  the  cell-bodies  of  which  are  situated  as  a  very  general 
rule  in  some  distant  ganglion,  form  plexuses  in  the  adventitia  of  the 
vessel-walls  ;  from  this,  single  nerve-fibers,  or  small  bundles  of  such, 
are  given  off,  wliich  enter  the  media  and,  after  repeated  division, 
end  on  the  involuntary  muscie^cells  in  a  manner  previously  de- 
scribed. (See  p.  166  and  Fig.  133.)  Through  the  agency  of  these 
nerves,  the  caliber  of  the  vessel  is  controlled.  The\'  are  known  as 
vasomotor  nerves.  Quite  recently  Dogiel,  Schemelkin,  and  Huber 
have  shown  that  many  vessels  possess  also  sensory  nerve-endinLj.s. 
The  medullatcd  nerve-fibers  terminating  in  such  endings,  branch 
repeatedly  before  losing  their  medullar}*  sheaths.  These  ner\'e-fibers 
with  their  branches  accompany  the  vessels  in  the  fibrous  tissue 
inmiediately  surrounding  the  adventitia.  The  nonmedullated  ter- 
minal branches  end  in  telodentiria,  consisting  of  small  fibrils,  beset 
with  large  varicosities  and  usually  terminating  in  relatively  large 
nodules. 

The  branches  and  telodendria  of  a  single  medullated  nerve-fiber 
(sensor)'"  nerve)  terminating  in  a  vessel  are  often  spread  over  a 
relatively  large  area,  sume  of  the  branches  of  such  a  ner\'e  often 
accompanying  an  arterial  branch,  to  terminate  thereon.  In  the 
large  vessels,  the  telodendria  of  the  sensorj'  nerves  are  found  not 
only  in  the  adventitia,  but  also  in  the  intima,  as  has  been  shown  by 
Schemetkin.     (See  p.  215.) 


B.  THE  LYMPHATIC  SYSTEM. 

J.  LYMPH-VESSELS. 

The  larger  lymph-vessels — ^the  thoracic  duct,  the  lymphatic 
trunks,  and  the  lymph- vessels — have  relatively  thin  walls,  and 
their  structure  corresponds  in  general  to  that  of  the  veins.  They 
possess  numerous  valves,  and  are  subject  to  great  variation  in  cali- 
ber according  to  the  amount  of  their  contents.  When  empty,  they 
collapse  and  the  smaller  ones  are  not  easily  distinguished  from  the 
surrounding  connective  tissue.  Timofeew  and  Dogiel  {97)  have 
shown  that  the  lymph-vessels  are  supplied  with  nerv'es,  which  in 
their  arrangement  arc  similar  to  those  found  in  the  arteries  and 
veins,  though  not  so  numerous.  The  latter,  who  has  given  the 
fuller  description,  states  that  the  nerves  supplying  the  lymph- 
vessels  are  varicose,  nonmedullated  fibers  which  form  plexuses  sur- 
rounding these  structures.  The  terminal  branches  would  appear 
to  end  on  the  nonstriated  muscle  cells  found  in  the  wall  of  the 
lymph -vessel. 
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Mention  has  been  made  of  the  migration  of  leucocytes  and, 
under  certain  conditions,  of  red  blood-cells  through  the  walls  of 
blood  capillaries,  and  in  the  case  of  the  former  through  the  walls  of 
lymph  capillaries  and  lymph-vessels  and  spaces.  This  diapedesis  of 
leucocytes  probably  takes  place  by  a  wandering  of  these  cells 
through  the  intercelhiiar  cement  uniting  the  endothelial  cells  lining 
these  spaces.  According  to  later  investigations,  it  would  seem  that 
leucocytes  may  bore  through  endothelial  cells,  and  thus  migrate 
from  the  vessel  or  space  in  which  they  are  found  previous  to  such 
migration. 


C  THE  CAROTID  GLAND   (GLANDULA  CAROTICA, 
GLOMUS  CAROTICUM). 

At  the  point  where  the  common  carotid  divides,  there  lies  in 
man  a  small  oval  structure  about  the  size  of  a  grain  of  wheat,  known 
as  the  carotid  gland  or  the  glomus  caroticum.     It  is  imbedded  in 
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Fig.  178. — Section  of  a  cell-ball  from  the  glnmus  caroticum  of  man  ;   X  *^"     (Injecled 
sjiecimen,  after  Schaper.) 

connective  tissue,  surrounded  by  many  nen'e-fibers.  and  on  account 
of  its  great  vascularity  has  a  decidedly  red  color.  The  connective- 
tissue  envelope  of  the  gland  penetrates  into  the  interior  in  the  form 
of  septa,  which  divide  its  substance  into  small  lobules,  and  these  in 
turn  into  smaller  round  masses,  the  cell-balls.  A  small  branch 
from  the  internal  or  external  carotid  enters  the  gland,  where 
it  branches,  sending  off  twigs  to  the  lobules,  and  these  in  turn  still 
»5 
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._-    ^>C  3L0OD-FORMING  ORGANS). 

^  .*  :•.,    ;e  examined  in  the  blood  fluid  without 
.-.  -.-.c  r.ni:er  is  punctured  and  a  small  drop 
...    ..xv:  J  slide,  and  immediately  covered 
:..•.•.     la  such  preparations  the  red  blood- 
Tte  e\^jx)ration  causing  the  crenation  may 
-.,    "re  -vver-glass  with  oil  (olive  oil).     A  fluid 
o;:  :'".«:  n:>l  Mood-cells  is  Hayem's  solution, 
-     .,   a:.',  ::^i  to  the  examination  of  leucocytes.     It 
^••'.  .  sulphate  of  soda  5  gm.,  corrosive  subli- 
■,-..-.-  .*,v  i*"-     ^'he  fresh  blood  is  brought  directly 
..  :.A*v.:::  of  which  should  be  at  least  one  hundred 
-.-  .-.v.xx:  to  be  examined.     The  fixed  blood-cells 
■.:Tvi  szziT  twenty-four  hours  the  fluid  is  carefully 
■    .Lv-.>i   "rv   water.      The   blood -corpuscles  are  then 
,.    .iro!  cvimined  in  dilute  glycerin.     They  may  be 
.>.     ..'vi  vratoxylin. 
...     .^xx:  voqHisiles  may  also  be  fixed  in  osmic  acid  and 
\  ^(.  -x      This  is  done  by  dropi)ingasmall  tpuintity  of 
'  J*  ■    .:  .    the  blood-cells  immediately  sink  and  allow 
J*,.,\.!":evl :    they  are  then  washed  with  water,  drawn 
.0  .A.i:r.::ieii  in  dilute  glycerin. 
,aa^  h*T*paratlons — A  method  almost  universally  used  con- 
*  .     ,  ■- V  '.'lovHl-corpusi'les  in  <lry  prei)arations.      A  drop  of 
\     .,r.\:  I'etwivn  two  thoroughly  ckanetl  (over -glasses,  which 
X  ■   .  -.iwn  .^'art,  leaving  on  the  surt'at  e  of  each  a  thin  film  of 
.-  ^>  :"  a  k'w  moments  at  onh nary  rot>ni  ienij)erature.     The 
'■.\':  dried  for  .several  hours  at  a  tcni]jcraturc  of  120**  C. 
...V  .wr.  subjected  to  this  process,  they  may  be  stained,  etc. 
X  .>  ::t.iv  U"  obtained  by  treating  spet  iniL-ns  dried  in  the  air 
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With  a  solution  of  equal  parts  of  alcohol  and  ether  for  from  one  to  twenty- 
four  hours,  after  which  they  are  again  dried  in  the  air,  and  are  then  ready 
for  further  treat lucni. 

A  cover -glass  preparation  of  fresh  blood  may  also  be  treated  for  a 
quarter  of  an  hour  with  a  concentrated  solution  of  corrosive  sublimate  in 
saline  solution,  then  washed  with  water,  siainetJ,  dehydrated  with  alcohol 
and  mounted  in  Canada  balsam.  A  concentrated  aqueous  solution  of 
picric  acid  may  also  be  used,  but  in  this  case  the  specimen  should  remain 
in  it  for  from  twelve  to  twenty-four  hours. 

The  elements  of  the  blood  may  also  be  examined  in  sections. 
Small  vessels  are  ligated  at  both  ends,  removed,  ftved  with  osmic  acid, 
corrosive  sublimate,  or  picric  acid,  and  imbedded  in  paraffin. 

After  fixation  by  any  of  the  above  methods  the  blood-cells  may 
be  stained.  Eosin  brings  out  very  well  ihe  hemoglobin  in  the  Wood- 
cells,  coloring  ii  a  brilliant  red  :  the  stain  should  be  used  in  ven,'  dilute 
acjueous  or  alcoholic  solutions  (  i '^^  or  less),  or  in  combination  with  alum 
(eosin  i  gm.,  alum  i  gm.,  and  absolute  alcohol  200  c.c,  E,  Fischer). 
Eosin  may  also  be  used  as  a  counter^tain  subsequent  lo  a  nuclear  stain — 
for  instance,  hematoxylin.  Tlie  preparation  is  stained  for  about  ten  min- 
utes, then  washed  in  water  or  placed  in  alcohol  until  the  blood-cells  alone 
remain  colored  ;  the  cover-glass  preparation  should  then  be  thoroughly 
dried  between  filter-paper  and  mounted  in  Canada  balsam.  Besides 
tosin,  other  acid  stains — as  orange  G,  indulin,  and  nigrosin — ^have  the 
property  of  coloring  blood -cells  containing  hemoglobin. 

Blood  platelets  are  best  fixed  with  osmic  acid,  and  may  be  seen 
without  staining.  They  may  also  be  stained  and  preserved  in  a  sodium 
chlorid  solution  to  which  methyl -violet  is  added  in  a  proportion  of 
I  :  20000  (Bizzozero,  82).  .Atanassiew  adds  0.6^  of  dry  pejitone  to 
the  solution  (this  fluid  must  be  sterilized  before  using). 

Etirlicli*s  Granulations. — The  leucocytes  of  the  circulating  blood 
and  those  found  in  certain  organs  possess  granulations  which  were  first 
studied  by  Ehrlich  and  his  pupils,  and  which  may  be  demonstrated  by 
certain  methods.  The  names  given  to  these  granulations  are  based  upon 
Ehrlich's  classification  of  the  anilin  stains,  which  differs  from  that  of  the 
chemist.  This  author  distinguishes  acid.  l»asic,  and  neutral  stains.  By 
the  acid  stains  he  understands  those  combinations  in  which  the  acid  is  the 
active  staining  principle,  as  in  the  case  of  the  picrate  of  ammonia. 
.Among  these  are  congo,  eosin,  orange  G,  indulin,  and  nigrosin.  The 
basic  stains  are  those  which,  like  the  acetate  of  rosanilin,  consist  of  a 
color  base  and  an  indifferent  acid.  To  these  belong  fuchsin,  Bismarck 
brown,  safranin,  gentian,  dahlia,  methyl-violet,  methylene-blue,  and  tolui- 
din.  Finally,  the  neutral  anilins  may  be  considered  as  those  stains  which, 
Hke  the  picrate  of  rosanilin,  are  formed  by  the  union  of  a  color  base  with 
a  color  acid.  The  granula  may  be  demonstrated  in  dry  preparations  as 
well  as  in  those  fixed  with  alcohol,  corrosive  sublimate,  glacial  acetic  acid, 
and  sometimes  even  Flemming's  solution.  Five  kinds  of  granules  are 
distinguished,  and  designated  by  the  Greek  letters  from  alpha  to  epsilon. 
The  «-granules  (acidophiJe,  eosinophile)  occur  in  leucocytes 
of  the  normal  blood,  in  the  l^niph,  and  in  the  tissues,  and  are  differen- 
tiated from  the  others  by  their  peculiar  staining  reaction  lo  all  acid  stains. 
They  are  first  treated  for  some  hours  with  a  saturated  solution  of  an  acid 
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i)  in  0fcchn«  washed  with  water,  subsequently  col- 
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.4i]M(t  bteck,  the  eosinophile  granules  red,  the  nuclei  black, 

TH  jr  Cintirr  or  those  of  the  mast>cells,  are  found  in  normaj 

^iMM^^iA  ^^iHTlli^  «aall  q'.Lintities  in  normal  bloody  and  are  found  in 

^i^9t  ifttBlbcci^^  Iwkemic  blood.    The}'  may  be  shown  by  two  methods  : 

^lade  consisting  of  concentrated  solution  of  dahlia  in 

•  :  ?  C.C.,  al)solute  alcohol  50  c.c,  distilled  water  100 

:rcatment  is  the  same  as  for  the  amphophile  gran- 

,.    >  alum -carmin -dahlia  solution  {j'/W.  Ehrlich).     This 

-tjunm^  dr>'  preparations  as  well  as  sections  of  objects 

«>4  c«»e  week  in  alcohol.     .Alum  i  gm.  is  dissolved  in  dis- 

.•^  C-C,  and  camiin    1   gm.  added.     The  whole  is  then 

•   hour,  cooled,  filtered,  and  0.5   c.c.  of  carbolic 

.r  s  alum-carmin,  see  page  42).     This  solution  is 

v^  ^eAIi  too  c.c.  of  a  saturated  solution  of  dahlia  in  aljsolute 

\\v«K'*  ^oc.c,  and  glacial  acetic  acid  10  c.c,  the  whole  stirred 

vi  for  a  time.     The  specimen  is  stained  for  twenty-four 

:n  aljsolute  alcohol  for  the  same  length  of  time,  and 

Canada  balsam.     The  ^'-granules  are  colored  a  dark 

lei    red.     A   simpler  method   of   demonstrating   the 

n  o\erstaining  dn,' and  fixed  cover-glass  preparations 

>  solution  of  methylene-blue,  decolorizing  for  some 

1.  drying  between  filter-papers,  and  mounting  in 

Xh^  ^'^^nulc*  i^basophilc)  occur  in  mononuclear  leucocytes 

-  llm  Imwun  Wooil.     Their  staining  may  be  accomjilished  in  a  few  min- 

m  Mt  tW**^^  **''*^  cxivcr-glass  preparations  with  a  concentrated  aqueous 

JIH^^l  Ot  i«<^yl<^"«"^'"^»  *^^^^  which  they  are  washed  with  water,  dried 

^4iatC»  ftlteT-i>ai»fi>.  ''^"^1  mounted  in  Canada  balsam. 

The  t-  or  neutrophile  granules  which  are  found  normally  in 

lln- IKJvnvjclear  leucocytes  of  man  (as  also  in  pus-cells),  in  some  of  the 

F  tia«k)»AlH>ival  cells,  and  in  the  myelocytes,  are  stained  by  Ehrlich  as  follows  : 

"     \v4».  of  a  saturated  n([ueous  solution  of  acid  fuchsin  are  mi.xed  with  1  vol. 
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of  a  concentrated  aqueous  solution  of  melhylene-blue.  To  this  5  vols,  of 
water  are  added,  and  the  whole  allowed  to  stand  for  a  few  days,  after 
which  the  solution  is  filtered.  This  mixttire  stains  in  five  minutes,  and 
the  specimen  is  then  washed  with  water,  etc.  The  neutrophile  granules 
are  colored  green,  the  eosinophile  granules  red  and  the  hemoglobin 
yellow. 

Xeutrophile  and  eosinophile  granules  may  also  be  stained  in 
Ehrlich's  neutrophile  mixture : 

Orange  G,  saturated  aqueous  solution,     .    .  I30  lo  1 35  c.C 
Acid  fuchsin,    "  •*  ••  .    .    80  to  120  •• 

Methyl-green,  *•  "  '•  .    .  12$  " 

Distilled  water 300  ♦* 

Absolute  alcohol 200  ** 

Glycerin,     , too  *• 

Mix  the  above  quantities  of  orange  G,  acid  fuch.sin,  water,  and  alco- 
hol in  a  bottle  and  add  slowly,  while  shaking  the  bottle,  the  methyl-green 
and  finally  the  glycerin.  The  cover-glass  preparations  should  be  fixed  in 
the  ether  and  alcohol  solution  for  about  one  hour,  or  fixed  wth  drj'  heat 
at  a  temperature  of  110°  C.  for  from  fifteen  to  thirty  minutes.  Float 
the  preparation  on  a  small  quantity  of  the  stain  for  about  fifteen  minutes, 
wash  in  water,  dry  and  mount  in  balsam.  The  red  blood-cells  are  stained 
a  reddish -brown  color  (brick-color),  all  nuclei  a  light  blue-green,  the 
eosinophile  granules  a  fuchsin-red,  and  the  neutrophile  granules  a  violet- 
red.  Griibler,  of  Lei])zig,  ha^  ]»repared  a  dry  powder,  known  as  the 
Ehrlich-Biondi-Heidenhain  three-color  mixture,  which  is  prepared  for 
use  by  making  a  0.4^  solution  in  distilled  water,  to  100  c.c.  of  which 
are  added  7  c.c.  of  a  0.5%  aqueous  solution  of  acid  fuchsin. 

Wright's  Method  of  Staining  Blood  Films.— This  excellent  and 
rapid  method  is  especially  recommended. 

Stain. — Make  a  one-half  per  cent,  aqueous  solution  of  sodium  bicar- 
bonate in  an  Erlenmeyer  flask  and  add  to  it  one  per  cent,  of  methylene- 
blue.  Steam  for  one  hour  in  an  Arnold  steam  sterilizer  and  allow 
mixture  to  cool,  and  when  it  is  cold  pour  in  a  large  dish.  To  100  c.c. 
of  this  solution  add  about  500  c.c.  of  a  one-tenth  per  cent,  aqueous 
solution  of  eosin  (Griibler's  yellowish  eosin,  soluble  in  water).  The 
quantity  of  the  eosin  solution  can  not  be  definitely  given ;  it  is  added 
while  constantly  stirring  until  the  solution  becomes  of  purple  color  and 
a  yellowish  scum  with  metallic  luster  torms  on  the  surface  and  a  finely 
granular  black  precipitate  ap[jears  in  suspension.  The  precipitate  is  col- 
lected on  a  filter  and  allowed  to  dr>'  thoroughly.  Make  a  saturated  solu- 
tion in  pure  methylic  alcohol  (0.3  gm.  of  precipitate  to  100  c.c.  of 
raethylic  alcohol)  and  filter.  To  80  c.c.  of  the  filtrate  20  c.c.  of  meth- 
ylic alcohol  is  added  to  complete  the  stain. 

Staining  0/  Bhod  Films. — Allow  blood  film  to  dry  in  the  air  and 
pour  as  rauch  of  the  stain  oti  the  cover-glass  or  slide  as  it  will  hold, 
allowing  it  to  remain  in  contact  with  the  preparation  for  about  one 
minute ;  then  add,  drop  by  drop,  enough  'water  to  make  the  stain  semi- 
transparent,  and  a  reddish  tinge  appears  at  the  borders  and  a  metallic 
scum  on  the  surface.  This  diluted  stain  remains  on  the  preparation  two 
or  three  minutes.  The  preparation  is  now  washed  in  distilled  water 
until  the  better  parts  have  a  yellowish  or  reddish  color.  Dry  quickly 
between  filter-papers  and  mount  on  balsam.      Red  cells  are  orange  or 
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Stain  (preferably  eosin  i  )i 
ored  with  a  nuclear  stai 
dried  and  mounted  in  ' 
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Another  m- 
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■  ..r-.  dark 
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• .:  the  nu«  loi 

.  specimens, 
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'/he  hemo^'lohin 

.  -.    -.iv-  classification. 

-'.  >tals  is  probably 

■  ;  ;.ing  or  agitating 

-     i  .ied,  drop  by  droj), 

_.  ,:?  may  be  detected 

d  :ue  to  a  dark,  trans - 

■;...:  now  be  seen  under 

.e  for  from  twelve  to 

..;•.:  is  placed  on  a  slide. 

;:"  :he  drop  has  begun  to 

.    ^  few  minutes,  numerous 

.  ;.■."':■.  a  proi  ess  which  may 

^     •;:::oglol)in  crystals  are  ob- 

•.::ed  blood  is  placed  in  a 

^    .-.:      The  blood  is  now  sub- 

:c»r  two  or  three  days  :    if 

.o.:red  into  a  flat  dish,  large 

..••-.vl.     Crjstals  also  appear  if  a 

'    X  ?vV'.:tion  of  Canada  balsiim  in 

«• 

.    '-^.i-. -.  hem  in  is  hematin-chlorid; 

■   ..>:;>  obtained  from  the  blood. 

>.  -,  ,:-.i:  carefully  mixed  with  a  small 

-  ^   ^  :  -en  caret'ully  wanned  until  the 

>.•    -.'ATI  residue,  after  which  a  cover- 

.;,  .:  added  until  the  sjiace  between 

'.;   •.  r-j-.-aration  is  now  heated  until  the 

.r.-.i-:  evai)orates.  Canada  Udsam  may 

•  >  vr».Hlucing  a  [»ermanent  specimen. 

,-,-:':.::ning  blood  are  to  be  examined, 

:-:x,^:  importance,  as  their  demonstra- 

.V  -.".•.o  presence  of  l.)lood.      Fluids  are 

.:  .ue'.u  aciil  as  above  dire(  ted.     Sus- 

-.•.■.:cv'.  as  follows:     Small  pieces  are  cut 

„■  ^:.r.r..  soiiked  in  normal  salt  solution, 

v\o      !f  the  stain  is  on  wood  or  other 

o"  .nul  dis^olve<l  in  normal  salt  and 

Hciuin    t  ry.stals  are  almost  or  entirely 

-,  .iuunonia.  j^hu  ial  a<  eti(    aiid,  dilute 

'/■•.ev  are.  howe\er.  soluble  in  potassium 


A..>-v>"'»lIy  f^"'"'l    ''1    ^lif  blood  and  fre- 
■.■..  ■.."vUT  patholo-i'  r  ni'.ditions,  also  in  ajio- 
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pleciic  areas,  are  the  hematoidin  crystals  first  discovered  by  Virchow. 
■\f.i-es  of  these  ( Tv^itals  have  an  orange  color.  Microscopically,  they 
;  -ar  as  red  rhombic  plates.  As  they  are  soluble  in  neither  alcohol 
nor  chloroform,  they  are  easily  preserved  in  Canada  balsam.  Their 
artificial  production  has  as  yet  never  been  accomplished.  Hematoidin 
contains  no  iron. 

The  fibrin  thrown  down  when  the  l>lood  coagulatt^s  may  be  dem- 
onstrated upon  the  slide  in  the  form  of  very  fme  particles  and  fila- 
ments. A  drop  of  blood  is  brouj^ht  upon  the  slide  and  kept  for  a  time  in 
a  moist  chamber  or  on  the  table  until  it  begins  to  clot ;  after  which  a 
cover-slip  is  applied  and  the  preparation  washed  with  water  by  continued 
irrigation.  In  this  manner  most  of  the  red  blood -corpuscles  are  removed. 
Lugol  solution  may  now  be  added,  which  stains  brown  the  filaments  of 
the  fibrin  network  adherent  to  the  slide.  In  order  to  see  the  fibrin  net- 
work in  sections,  it  is  better  to  use  specimens  previously  fixed  in  alcohol  j 
the  sections  are  stained  for  ten  minutes  in  a  concentrated  solution  of  gen- 
tian-violet in  anilin  water  (Weigert),  rinsed  in  normal  salt  solution, 
treated  for  about  ten  minutes  with  iodo-iodid  of  potassium  solution,  and 
then  spread  upon  a  slide  and  dried  with  filter-paper.  They  are  now 
placed  in  a  solution  consisting  of  2  parts  of  anilin  oil  and  i  jiart  of  xylol 
until  they  become  jierfecily  transj^arent.  This  solution  is  then  replaced 
by  pure  xylol  and  finally  by  Canada  balsam.  The  fibrin  network  is 
stained  a  deep  violet. 

Blood  Current* — There  are  different  methods  and  a  variety  of  mate- 
rial at  our  dispOf«al  for  the  demonstration  of  the  blood  current  through  the 
vessels.  The  l>est  object  for  this  purpose  is  probably  the  frog.  The  proce- 
dure is  as  follows:  Ihe  animal  is  immobilized  by  poisoning  with  curare,  y^ 
gni.  of  a  1  ^  a<iueous  solution  injerted  into  the  dorsal  lymph-sac  will  immo- 
bili/.e  the  frog  in  a  short  time,  i'he  exact  dose  can  not,  however,  be  given, 
as  the  commercial  curare  is  not  a  uniform  chemical  compound  ;  the  dose 
must  therefore  be  ascertained  by  experiment.  As  is  well  known,  curare 
affects  exclusively  the  nerve  end-organs  of  striated  voluntary  muscle,  but 
does  not  affect  either  the  heart  nuiscle  or  unstriated  muscular  tissue  ;  hence 
the  utility  of  curare  for  this  purpose.  In  order  to  see  the  blood  current, 
it  is  only  necessary  to  stretch  the  transparent  web  between  the  frog's  toes 
and  fasten  it  with  insect  needles  to  a  cork  plate  having  a  suitable  open- 
ing. If  the  cork  plate  be  large  enough  to  accommodate  the  whole  frog, 
it  may  be  placed  in  such  a  position  that  its  o]>ening  lies  over  that  in  the 
stage  of  the  microsco|)e.  The  web  thus  spread  out  may  be  examined 
with  a  medium  magnification.  The  tongue  of  the  frog  is  also  used  for  the 
same  purpose.  As  the  latter  is  attached  to  the  anterior  angle  of  the  lower 
jaw,  it  may  be  conveniently  drawn  out,  suitably  stretched,  and  then 
placed  over  the  hole  in  the  cork  plate.  A  very  good  view  of  the  circula* 
tion  may  be  obtained  l;iy  examining  the  mesenterj'  of  a  frog.  The  migra- 
tion of  the  leucocytes  through  the  vessel -walls  can  also  be  studied  in  such 
preparations.  An  incision  0.5  cm.  in  length  is  made  in  the  right  axillary 
line  through  the  skin  of  a  frog  {  best  in  the  male ),  care  being  uiken  not  to 
injure  any  vessels  (which  can  be  seen  through  the  skin  in  frogs  possessing 
litde  pigment).  The  abdominal  muscles  are  then  incised  and  a  pair  of 
forceps  introduced  to  grasp  one  of  the  presenting  intestinal  loops.  The 
latter  is  then  attat  hed  to  the  cork  plate  wHth  needles,  and  the  mesenten,- 
carefully  stretthed  over  the  opening.  On  examining  the  specimen  it  is 
best  to  moisten  it  with  normal  salt  solution  and  to  cover  the  area  to  be 
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examined  with  a  fragment  of  a  cover-glass.     The  lung  may  also  be  ex- 
amined, but  here  the  incision  must  be  farther  fonvard. 

Countins:  Blood-cells. — The  instrument  now  generally  used  for  this 
puqjose  is  the  Thoma-Zeiss  hcmocytcmeter.  This  apparatus  consists  of 
two  parts  :  pipettes  by  means  of  which  the  blood  is  diluted  too  times, 
when  counting  red,  or  lo  limes  when  while  blood-cells  are  to  be  counted, 
and  a  glass  slide,  on  which  there  is  a  small  well  of  known  depth,  the  bot- 
tom of  the  well  being  divided  off  into  small  squares.  The  pipette  used  when 
counting  the  red  cells  consists  of  a  capillary  tube,  near  the  middle  of 
which  there  is  an  ampullar  enlargement.  This  is  so  graduated  that  the 
cubical  contents  of  the  capillary  tube  is  just  one-hundredth  part  of  the 
cubical  contents  of  the  ampulla.  The  blood  to  be  examined  is  drawn 
into  the  capillar)^  tube  to  a  line  marked  i  (just  below  the  ampulla);  the 
end  of  the  pipette  is  then  inserted  into  the  diluting  fluid,  and  this  is 
sucked  up  until  the  diluted  blood  reaches  a  line  marked  loi  (just  above 
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Fig,  179. — Thonui-Zeiss  hemocytometer :  a.  Slide  used  in  court  ling ;  <J,  sectioruil  view  ; 
<',  a  jx)rtion  of  ruled  bottom  of  the  well  ;  */,  pif>ette. 


the  ampulla).     The  pipette  is  then  carefully  shaken  to  mix  thoroughly 
the  blood  and  the  diluting  fluid. 

Either  of  the  following  two  solutions  may  be  used  for  diluting  the 
blood : 

Haytiri'  s  Solution  : 

Bichlorid  of  mercury   .  .    .      0.5  gm. 

S<jdium  chlorid      ....  .    .       i  .0  gm. 

Sodium  sulphate 5.0  grn. 

histilled  water ico.o  t.c. 

Tot  soft's  Fluid  (as  given  hy  V.  KahUfen)  : 

Methyl  violet  5  B     .    .  0.035  K™- 

Neutral  glycerin  .    ,  30.0  c.c. 

Distilled  water ...       So.o  c.c. 

Mix  the  methyl  violet  with  the  glycerin  and  distilled  water  ;  lo  this 
solution  is  added — 

Sodium  chlorid  (C  P.) x.ogm. 

Sodium  sulphate  (C.  P  ^ 8.0  gm. 

Dittilled  water So.o  c.c. 
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Filter,  and  the  solution  will  be  ready  for  use.  The  white  blood-cells 
are  stained  violet,  and  may  thus  be  counted  with  the  red. 

The  diluting  fluid  coniained  in  the  capillary  tube  is  then  blown  out, 
and  a  small  drop  of  the  diluted  blood  is  placed  on  the  center  of  the  small 
glass  disc.  The  small  disc  is  surrounded  by  a  ring  of  glass,  cemented  to 
the  slide.  This  glass  ring  is  o.  i  mm.  thicker  than  the  glass  disc.  When 
this  small  chamber  is  covered  with  a  thick  cover-glass,  we  have  a  layer 
of  blood  0.1  mm.  deep  between  the  disc  and  the  cover-glass.  On  the 
upper  surface  of  the  small  glass  disc  ( on  which  the  drop  of  diluted  blood 
was  placed)  there  are  marked  off  400  small  squares.  The  sides  of  the 
small  squares  are  ^'^  mm.  long.  It  wiil  be  seen  that  the  layer  of  blood 
over  each  of  the  squares  would  have  a  cubical  contents  of — 

fj^  of  a  cubic  millimeter  (Aj  X  AX  Ai  =  nAni)- 

The  hemocytometer  slide  is  now  placed  on  the  stage  of  the  micro- 
scope, where  it  should  remain  undisturbed  for  several  minutes  before 
counting.  The  red  blood-cells  in  25  to  50  squares  are  then  counted. 
To  ascertain  the  number  of  red  cells  in  a  cubic  millimeter  the  following 
formula  may  be  useful  : 


(each    mass    of\  (  ,.,  ..       1 

blood  counted,       >  d      ^^^^'^^^       ^  n 
^',^  c.mm.       )  (.  J 


red  cells  | 
counted  | 


r 


n  (number  o{  squares  counted ) 


number  of  red 
blood-cells  in 
I  c.mm. 


4000 


Or,  ascertain  the  average  of  the  red  blood-cells  in  the  squares 
counted,  and  multiply  this  number  by  400,000. 

In  case  it  is  desired  to  count  only  the  white  blood-corpuscles,  a  yj  per 
cent,  solution  of  glacial  acetic  acid  is  used  for  diluting  the  blood.  This 
solution  bleaches  the  red  cells,  and  brings  out  clearly  the  white  corjjusclcs. 

The  blood  is  diluted  only  ten  limes,  using  for  this  puqiose  the  Thoma- 
Zeiss  pipette  for  counting  white  corpuscles.  The  formula  then  reads  as 
follows : 

tlhe  number  of  white  "l 
blood -corpuscles  J- 
counted.  j       the  number  of  white 

■ =  blood-cells  found  in 

n  (number  of  squares  counted),  a  cubic  millimeier. 

Or,  multiply  the  average  number  of  white  corpuscles  in  each  square 
by  40,000. 

Lymph-glands. — To  obtain  a  general  idea  of  the  structure  of 
lymphatic  glands,  sections  are  made  of  small  glands  fixed  in  alcohol  or 
corrosive  sublimate.  They  are  then  stained  with  hematoxylin  and  eosin. 
In  such  preparations  the  cortical  and  medullar)' substances  can  be  studied  ; 
the  trabeculae  and  blood  take  the  eosin  stain. 

The  flattened  endothelial  cells  covering  the  trabeculae  are  brought 
to  view  by  injecting  a  .0.  i  %  solution  of  silver  nitrate  into  a  fresh  lymph- 
atic gland.  After  half  an  hour  the  gland  is  fixed  with  alcohol  and  car- 
ried through  in  the  regular  way  ;  the  sections  should  be  quite  thick  (not 
under  20  Ml-  After  the  sections  have  been  mounted  in  Canada  Ixilsam 
and  exposed  to  light  for  a  short  time,  the  endothelial  mosaic  will  be  seen 
wherever  the  silver  nitrate  has  penetrated. 
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Fixing  with  Flemming*s  solution  and  staining  with  safranin  is 
the  Itest  method  for  studying  the  germ  centers  of  the  lymph-follicles. 
Other  lliiids  which  bring  out  the  mitoses  may  also  be  eini»loyed. 

Reticular  tissue  is  be^i  demonstrated  by  sectioning  a  fresh  gland 
with  a  freezing  microtome,  removing  a  section  to  a  test-tube  one-quarter 
filled  with  water,  and  agitating  it.  The  lymphocytes  are  thus  shaken  out 
of  the  meshes  of  the  reticulum,  leading  the  latter  free  for  examination. 

The  same  results  can  be  ol»tained  by  placing  a  section  prepared 
in  the  above-named  manner  upon  a  slide,  wetting  it  with  water,  and 
carefully  going  o\er  it  with  a  camel's-hair  biiish.  The  lymphocytes  ad- 
here to  the  brush.  Both  methods  i  His,  6i )  may  be  applied  to  hardened 
sections  which  have  lain  in  water  for  a  day  or  so.  In  this  case,  how- 
ever, the  removal  of  the  Iym(jhocytes  is  not  so  easy  as  in  fresh  sections. 

In  thick  sections  the  reticulum  is  hidden  by  the  lymphocytes. 
If,  on  the  other  hand,  very  thin  sections  {  not  over  5  /i )  be  made,  especially 
of  objects  fived  in  Fleumiing's  solution,  the  adenoid  reticulum  stands  out 
clearly  without  any  further  manipulation. 

The  reticular  structure  may  also  be  demonstrated  by  an  artificial 
digestion  of  the  sections  with  trypsin.  The  sections  are  then  agitated  in 
water,  spread  on  a  slide,  dried,  then  moistened  with  a  picric  acid  solu- 
tion (  I  gm.  in  15  c.c.  of  alcohol  and  30  c.c.  of  water),  again  dried,  cov- 
ered with  a  few  drops  of  fuchsin  S  solution  {  fuchsin  S  i  gm.,  alcohol 
33  c.c,  water  66  c.c.  ),  and  left  to  stand  for  half  an  hour.  The  fuchsin 
solution  is  then  carefully  removed,  the  section  washed  again  for  a  short 
time  iu  the  same  picric  acid  solution,  then  treated  with  absolute  alcohol, 
xylol,  and  fmally  mounted  in  Canatia  balsam.  The  reticular  tissue  of 
both  lymphatic  glands  and  spleen  are  stained  a  beautiful  red  ( F.  P- 
Mall ).      (  See  also  page  1 29.  j 

The  treatment  of  splenic  tissue  is  practically  the  same  as  that  o* 
the  lymphatic  glands. 

In  all  these  organs  (lymph-glands,  spleen,  and  bone-marrow)  a 
certain  amount  of  fiuid  may  l>e  obtained  by  scraping  the  surface  of  the 
fresh  tissue.  This  may  then  be  examined  in  the  same  manner  as  blood 
and  lymph  (see  Technic  of  same).  Sections  of  Ipnph-glands  and  spleen 
previously  fixed  in  alcohol,  mercuric  chlorid,  or  even  in  Flemming's 
solution  may  be  examined  by  the  granula  methods  of  Ehrlich. 

By  using  the  chrome-silver  method  a  peculiar  network  of  retic- 
ular fibers  may  l)e  seen  in  the  spleen.      { tiitterlasern  ;  0|)pe!,  91.  ) 

The  examination  of  the  bone-marrow  belongs  also  to  this  chap- 
ter. The  marrow  of  the  diaphysis  is  taken  out  by  splitting  the  bone 
longitudinally  with  a  chisel.  With  a  little  practice,  it  is  easy  to  obtain 
small  pieces  of  the  marrow,  which  arc  then  fixed  by  the  customary 
methods  and  cut  into  sections.  In  the  epiphysis  the  examination  is 
confined  either  to  the  pres.sing  out  of  a  small  ijuantity  of  fluid  with  a  vice, 
or  to  the  decalcification  of  small  masses  of  spongy  bone,  containing  red 
bone-marrow.  In  the  first  case,  methods  applicable  to  blood  examina- 
tion are  employed  ;  in  the  second,  section  methods  (see  also  the  petrifi- 
cation method,  page  132)  are  used.  The  methods  given  for  the  prepara- 
tion of  lymi>h-glands  and  spleen  are  al>o  applicable  m  many  cases. 


THE    OK.\L    CAVJTY. 

TECHNIG  (ORCULATORY  SYSTEM). 

To  obtain  a  topographical  view  of  the  layers  composing  the 
heart  and  vessels,  sections  are  made  of  tissues  that  have  l>een  fixed  in 
Miiller's  fluid,  chromic  acid,  etc.  If  the  specimens  arc  to  be  studied  in 
detail,  small  pieces  nuist  Im.*  used,  and  are  best  fixed  in  chroniic-osraic 
mixtures  or  corrosive  sublimate.  Celloidin  imbedding  is  recommended 
for  general  topographic  work.     The  further  treatment  is  elective. 

The  endothelium  of  the  inlima  may  be  brought  to  view  by  silver 
nitrate  impregnation  methods,  by  injecting  silver  solutions  into  the  vascu- 
lar system.  The  endothelial  elements  of  the  smallest  vessels  and  capil- 
laries are  then  clearly  defiined  by  lines  of  silver.  Larger  vessels  must 
be  cut  open,  the  intima  separated,  and  pieces  of  its  lamellae  examined. 

Ela-jtic  elements,  plates  and  networks  are  best  observed  in  the 
tunica  media  of  the  vessels,  very  small  pieces  of  which  are  treated  for 
some  hours  with  33'/    i»otassium  hydrate. 

The  appropriate  stains  for  section  work  are  those  which  bring 
out  the  elastic  elements  and  the  smooth  muscle-cells.  For  the  fonner, 
orcein  h  used. 

For  demonstrating  the  dislrilnition  of  the  capillaries,  the  reader  is 
referred  to  the  injection  methods.  Fhe  lymph-capillaries  are  injected 
by  puncture  ;  compare  also  the  methods  of  Altniann. 


Ill    THE  DIGESTIVE  ORGANS. 

The  intestinal  canal  with  the  glands  derived  therefrom  originates 
from  the  inner  layer  of  the  blastoderm,  the  entoderm.  The  latter, 
however,  does  not  extend  to  the  external  openings  of  the  body,  as 
the  ectoderm  forms  depressions  at  these  points  which  grow  inward 
toward  the  still  imperforate  fore  and  hind  gut  to  communicate 
finally  with  its  lumen.  This  applies  as  well  to  the  formation  of 
the  primitive  oral  cavity,  which  is  separated  only  secondarily  into 
oral  and  nasal  cavities,  as  to  the  anus.  The  anterior  boundary 
between  the  ectodermal  and  entodcrmal  portions  of  the  digestive 
tube  consists  of  a  plane  passing  through  the  oj)ening  of  the  pos- 
terior nares  and  continued  downward  along  the  palatopharyngeal 
arch.  Everj'thing  I}ing  anterior  to  this  is  of  ectodermal  origin, 
therefore  the  entire  oral  and  nasal  cav^ities  with  their  derivatives. 
The  lining  of  these  cavities  consists,  however,  of  a  true  nmcous 
membrane,  closely  resembling  in  its  structure  that  of  the  intestinal 
tract. 


A.  THE  ORAL  CAVrfY. 

The  epithelium  nf  the  oral  mucous  membrane  is  of  the  stratified 
squamous  t\pc,  differing  from  the  epithelium  of  the  epidermis 
in  that  the  stratum  graiiulosum  does  not  appear  here  as  an  inde- 
pendent  layer.     The   stratum   lucidum    is  also    wanting,  and    the 
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cornification  of  the  layer  analogous  to  the  stratum  comeum  of  the 

skin  is  not  complete  (compare  Skin).  In  the  mucous  membrane 
the  cells  of  even  the  most  superficial  layers  contain  nuclei,  which, 
although  partly  atrophied,  still  show  chromatin,  and  as  a  conse- 
quence are  easily  demonstrated. 

Beneath  the  epithelium  lies  a  tissue  of  mesodermic  origin,  also 
belonging  to  the  mucous  membrane  and  known  as  the  mufosa  or 
stratum  proprium  (lamina  propria,  tunica  propria),  in  which  nu- 
merous glands  are  situated.  The  mucosa  consists  of  a  fibrillar 
connective  tissue  with  few  elastic  fibers,  and  of  adenoid  tissue 
containing  numerous  IjTTiphoid  cells  ;  essentially,  therefore,  a 
dilTusely  distributed  adenoid  tissue  with  occasional  lymph-follicles 
imbedded  in  its  substance.  The  mucosa  presents  numerous 
papillae,  which  are  either  simple  or  compound  (branched)  eleva- 
tions of  the  mucosa,  var\'ing  in  length  and  density,  according  to 
their  location  and  extending  for  variable  distances  into  the  over- 
lying epithelium.  As  in  the  papillary  layer  of  the  corium  (see 
Skin),  so  also  here  the  superficial  layer  of  the  stratum  proprium 
contains  very  fine  elastic  and  connective -tissue  elements  which  con- 
tribute to  the  structure  of  the  papillae.  All  these  papilL-e  contain 
capillaries  and  arterioles  which  are  derived  from  an  arterial  network 
in  the  mucosa.     The  lymphatics  are  similarly  arranged. 

At  the  red  margin  of  the  lips  the  papilLT  are  unusually  high 
and  are  covered  at  their  summits  by  a  ver>'  thin  epithelial  layer 
(Fig.  iSo),  Besides  the  sebaceous  glands  which  lie  at  the  angles 
of  the  mouth,  and  whose  ducts  open  at  the  surface,  there  are  here 
no  other  glandular  structures.  In  the  mucosa  of  the  mucous 
membrane  of  the  lips  and  checks  the  papilla;  are  low  and  broad  ; 
here  also  open  the  ducts  of  compound  lobular,  alveolar  glands,  the 
gianduhe  lahinlcs  and  biuYalcs  whose  structure  is  similar  to  that  of 
the  large  salivary  glands  (see  these).  The  gums  possess  veiy  long 
and  attenuated  papillae,  covered  by  a  very  thin  layer  of  epithelium, 
therefore  bleeding  at  the  slightest  injury.  That  part  of  the  gum 
covering  the  tooth  has  no  papilhx.  The  gums  contain  no  glands. 
The  papillct  of  the  hard  palate  are  arranged  obliquely,  with  their 
points  directed  toward  the  opening  of  the  mouth.  The  papillae  of 
the  soft  palate  are  very  low  and  may  even  be  absent.  They  are 
somewhat  higher  on  the  anterior  surface  of  the  uvula.  On  the 
posterior  surface  of  the  latter  occur  ciliated  epithelia  distributed  in 
islands  between  the  areas  of  .stratified  squamous  epithelium.  In 
the  soft  palate  and  uvula  are  found  small  mucous  glands. 

Under  the  mucous  membrane  there  is  a  layer  consisting  princi- 
pally of  connective  tissue  and  elastic  fibers,  the  submucosa  (stratum 
submucosum,"  tela  submucosa).  In  the  mucous  membrane  of  the 
mouth  the  transition  of  the  tissue  of  the  mucosa  into  that  of  the 
submucosa  is  very  gradual.  The  submucosa  of  the  hard  palate  is 
closely  connected  with  the  periosteum  and  contains,  especially  at 
its  posterior  portion,  numerous  glands.     In  other  regions  of  the 
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mouth  (lip)  the  glands  extend  also  into  tlie  submucosa.  Tlie 
mucosa  and  epithelium  lining  the  mouth  cavity  are  richly 
supplied  with  nerves  which  terminate  either  in  special  sensory 
nerve-endings  or  in  free  sensory  nerve-endings,  or  on  the  blood- 
vessels. In  the  papvUns  of  the  mucosa  are  found  corpuscles  of 
Krause.  (See  p.  169.)  The  nerves  terminating  in  free  sensory 
endings  are  the  dendrites  of  sensory  neurones  (medu Hated  sensory 
nerves),  which,  while  yet  medullated,  branch  and  form  plexuses 
with  large  meshes,  situated  in  the  submucosa  and  deeper  portion  of 
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Fig    180.— Section  through  tht  lower  lip  of  tnan  ;  X  ^8. 

the  mucosa.  The  medullated  branches  of  the  nerve-fibers  constitut- 
ing these  plexuses  proceed  toward  the  epitheiium,  dividing  further 
in  their  course.  Immediately  under  the  epitheliutii  the  meduilalcti 
branches  lose  their  medullary  sheaths,  divide  further,  and  form  the 
subepithelial  plexuses.  The  nonmedullated  branches  enter  the 
epithelium,  where  they  form  telodendria  (end-brushes),  the  terminal 
branches  of  whicli  surround  the  epithelial  cells,  between  which 
they  end  cither  in  very  fine  granules  or  in  small  groups  of  such,  or, 
again,  in  variously  shaped  end-discs.     (See  Fig.  135.)     The  blood- 
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comification  of  the  layer  analogous  to  the  stratum 
skin  is  not  complete  (compare  Skin).     In  the  m 
the  cells  of  even  the  most  superficial  layers  cont 
although  partly  atrophied,  still  show  chromati' 
quence  are  easily  demonstrated. 

Beneath  the  epithelium  lies  a  tissue  of  me?- 
belonging  to  the  mucous  membrane  and  kn*- 
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the  hardest  in  the  body, 
gured  teeth  the  enamel  is 
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'         The  enamel  contains  very 
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C  Enamel. 


}■ —  Pulp  cavity. 


which  express,  however,  no  structural  pecu- 
to   irregularities   in    the  prisms.     They   arc 
T  by  a  cement-substance  which  is  somewhat 
Ml    substance  of  the  prisms  themselves.     In  the 
;    I.    homogeneous,  but  in  embryos  and  even  in 
li<\\a  (fibrillar)  longitudinal  striation.    In  their 
I    tiuckness    of  the    enamel   they  change  their 
--_ncs  of 
nrvts,    and 
r  in  groups 
ner.  There 
1     the  enamel 
jics  Icnown  as 
r"  R^tzius  (see 
'     .  I.      which     pass 
ly      til  rough      the 
1   and  which  are  to 
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i.ita  caused  by  the 
ic  deposition  of  lime- 
.  they  are  very  vari- 
able,   as    their    structure 
depends   on   the   nutritive 
condition  during  the  depo- 
sition   of    the    lime -salts 
(Berten).     Another  scries 
of  parallel  or  nearly  par- 
allel stripes  or  lines,  known 
as    Schragcrs    lines,    are 
also  observed.     Those  in 
the  lateral  portions  of  the 
enamel    have    a    direction 
nearly    perpendicular     to 
the    surface.       They    are 
thought  to    be    due  to   a 
dilTerence  in  the  refraction 
of  the  light,  presented  by 
bundles  or  layers  of  enamel 
prisms  so  disposed  as  to  be 
cut  in  different  directions. 
The  dentin  is,  next  to 
the    enamel,    the    hardest 
tissue  of  the  tooth.     After 
decalcification    it   presents 

a  ground  substance  in  which  arc  found  numerous  ver)'  fine  fibrils, 
which  do  not  branch  nor  anastomose,  and  are  in  their  behavior 
toward  acids  and  alkalies  like  the  fibrils  of  white  fibrous  (collagenous) 
tissue.     They  yielil  gelatin  on  boiling.     The  fibrils  are  separated  by 


Dentin. 
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Fig.  181. — fMrhcme  of  a  longiltulinal  section 
through  a  human  tuolh.  In  the  enamel  are  seen 
the  "hues  uf  Ketzius." 
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^      s<       ^  <..i>-sv  >«  ^  ^?vi«n«£  Vtf<i^  &C4B  man,  showing  enamel  and  dentin ;  X  I70' 

.-.^.  -M,  -<^  ,.^>  iK^'t  vV  SBif^hbonng  tubules.  The  general  course  of 

>s>v    '  ,v  v^  ^  siK^?t  at  t^un^  iSl.     Certain  of  the  tubules  pass 

^Sy»  ^T^«nxt>^r  i^fi^^  ti^e  enamel,  where  they  are  found  between 

•v    >  •'v^'v       t  ?V  ?^ii«»Jta  tooth  the  majority  end  just  before  reach- 

^    V  o  sA  tv      N  t^  rv»t  »>f  the  tooth  they  end  near  the  surface, 

•V  •ixv>.iv>S*'Jtr  ^foots  (see  below),  or,  again,  they  may  be 

.  .  hv    *-   x^•^^    svx*^      Fhc  dentinal  tubules  possess  sheaths,  the 

v:v:«v»^    X    V\*(Ma*tJt.  which  may  be  isolated,   analogous  to  the 

^x^-K^^v  >  ^V  xMt;Ni"sKua  vVf  bone.     They  may  be  regarded  as  differ- 

Mv«<vvv«v   Mvs-^  ^-^astjutt  ground  substance.     The  dentinal  tubules 

»  s-  1  ^"•V'.s.s^K^;;?  tit^r  entire  length  filiform  prolongations  of  cer- 

>.       v-i^^v^.-v   ^\S<s\iMASts\  the  tfttt/ina/ ^ders.     Peculiar,  irregu- 
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larly  branched  spaces  are  often  seen  in  the  dentin.  These  are  the 
intirglobular  spiicts  of  Czcrniak.  Tliey  represent  areas  in  which 
calcification  has  not  taken  place.  Their  number  is  variable  :  when 
relatively  small  and  numerous,  they  appear,  in  dry  preparations  seen 
under  low  magnification,  as  a  granular  layer — the  granular  layer  of 
Tomes. 

The  cementuiti  is  closely  adherent  to  the  dentin,  and  consists  of 


TTlrrff^'^ 


Fig.  183. — A,  Longitudinal  section  ihrotigh  a  luiinan  niolnr  fn»fri  ihc  center  of  the 
etiRTnei  layer,  decalcified  with  dilute  liydrochloric  acid  ;  B,  tangential,  C,  radiate,  and 
J.f,  transverse  section  th»«>iigh  the  dentin  of  a  human  tooth,  showing  the  fibrillar  struc- 
ture of  the  ground-i.ubsla«jce  I  taken  from  v.  Ehner,  oil  :  <>  and  *,  Two  layers  in  which 
the  direction  of  the  enamel  pri<inis  changes;  in  (  is  seen  a  dentinal  fiber  with  its  sheath  ; 
/,  groups  of  fibrils  ;  </,  dentinal  tubules. 

bone  tissue,  the  parallel  lamelL-e  of  which  contain,  as  a  rule,  no 
Haversian  canals.  There  dccut,  however,  cement  lamelhe.  which 
in  places  lose  their  bonc-cclls.  A  peculiarity  of  the  cementum  is 
the  presence  of  a  Lirfj;e  number  of  Sharpcy's  fibers,  which  are 
especially  abundant  in  those  areas  containing  no  bone-corpuscles. 
These  fibers  are  usually  found  in  an  uncalcificd  condition. 

The  tooth-pulp  is  a  tissue  resembling  embryonic  connective 
tissue,  consisting  of  connective-tissue  fibrils,  branched  connective- 
tissue  cells,  and  a  semifluid,  intcrfibrillar  ground-substance.  It  is 
characteristic  of  this  tissue  that  the  fibrils  never  join  to  form  con- 
nective-tissue fibers.  It  is  probable  that  the  fibrils  are  similar  to 
those  of  white  fibrous  (collagenous)  connective  tissue  (possibly  retic- 
ular fibers),  although  there  is  a  difference  ol'  opinion  as  concerns 
this  point,  by  observers  who  have  given  it  special  attention  (see 
V.  Ebner,  Rose).  At  the  surface  of  the  pulp  is  a  continuous  layer 
of  cells,  tlie  odontoblasts.  These  are  columnar  cells  with  basal 
16 


or  ehiee  praceaacs  e^ctending  into  the  canaliculi  of 

benr  the  denCiiBl  fibers  already  described.     As 

abo  send  a  single  fiber  into  the  pulp. 

d  ghre  lisc  to  a  network  within  its  sub- 

r,  «-lft««£cr  i^riasUHW. — ^The  tooth  is  joined 

by  a.  hbraa»  iBsoe  membrane,  tiie  peridental  mem- 

»,  wiikfa  represents  tlie  f>eriosteum  of 

ifeiT^sAte.  lad.  dMr  cttMLitum  of  the  tooth.     Tliis  consists  of 

te  'iimave  QuisM<  (elastic  fibers  are  here  absent)  directly 

s>i>  «j<ft  SbHRCjr^^  libers  in  the  cementum  and  the  alveolus. 

r  l^imdirs  of  fibers,  which  have  a  direction 

t^  Iftifc  <Vpcr  portions  of  the  peridental  membrane 

■  eod  of  the  tooth  in  its  lower  portion, 

LMMii  ft  tiMier  connective  tissue,   containing  numerous 

.  mod  peculiar  masses  of  epithelial  cells 

of  the  enamel  organs,  to  be  described 

WW!***    have    by    some    observers    been 

Mturr;   further  observation  is,  however, 

lC«a  be  accepted  as  proved.     At  the  apex  of  the 

I  ft  Ifess  dense  connective  tissue,  continuous  with 

At  the  neck  of  tlie  tooth  the  peridental 

tik  llie  submucosa  of  the  gum. 

of  tft^  teeth   have   been   fully   described  by 

>  bitfE  3tMidkd  them  in  a  number  of  mammals,  and  in 

_  ^  VnMI  development;   his  account  is  here  fol- 

TWv^^rv^  MftOWyinied  by  the  veins,  enters  through  the 

-."•^  a|>  tmough  the  pulp,  dividing  into  branches 

,a5ft  «fci2KSi  »»"  '^f*'  pOftion  of  the  pulp  cavit)';  tlicsc  branches 

^r  |i<!»t)l  li^l  ti>  ibifr*  and  after  further  division  and  the  forma- 

>  't^^lMm  tihl  )tt  Cifiillanes  which  are  situated  between  the 

iitii>lMlt»  IMd  the  dentin,  forming  here  a  capillary  plexus 

w  ^  «MRV«r  Meshes^  in  regions  where  the  odontoblasts 

^^.       ,v    ••     ^    |«Qbabilit>''   no    lymphatic    vessels    in    the 

N  /  mf^t^JS^rrt  (dendrites  of  sensory  neu  rones) 

^h  the  apical  foramen.     Some  of  these 

<.^on  after  entering,    or  just  before 

to  long,  fine,  varicose  fibers  wliich 

^1^,  iS   under  the  odontoblasts.     Other 

— ■^.  -'  small  bundles,  ascend  in  the  pulp 

ihe  nerve-fibers  of  the  bundles  then  sepa- 
.•.■»prvach  the  superficial   portion  of  the 
^Tk'.  ~  vki  r   UK'dullary   sheaths,    divide   into  fine 

i^  umkT  ll»c  odontoblasts  a  plexus  continuous 
...   .tw-**?*.*}!.-*!       Prom  tlic  varicose  nerve-fibers 
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Cemenlam. 


■y*>  • 


of  this  plexus  small  terminal  branches  are  given  off  which  termi- 
nate between  the  odf^ntoblasts,  or  pass  through  the  layer  of 
odontoblasts,  to  end  between  these  and  the  dentin  (Rctztus,  94; 
Hyber,  98;  Rygge,  1902),  Medullated  nerve-fibers  also  terminate 
in  free  endings  in  the  peridental  membrane. 

Development  of  the  Teeth. — In  the  second  month  of  fetal 
hfe  the  first  traces  n(  the  teeth  are  seen  in  the  development  of  a 
groove  along  the  inner  edge  of  the  fetal  jaw,  the  dentinal  or  en- 
amel groove.  From  the  floor  of  the  latter  an  epithelial  ridge 
is  formed  constituting  the  anlage  of  the  enamel  organs  and 
known  as  the  dentinal  ridge,  or  enamel  ledge.  At  those  points 
at  which  the  milk-teeth  later  appear,  the  enamel  led^e  develops 
solid  protuberances  corre- 
sponding in  number  to  the 
temporary  teeth.  These  are 
known  as  the  dentinal  bulbs 
f»r  t'uauitl germs.  In  their 
first  stage  of  development 
the  enamel  germs  are  knob- 
like, but  later  their  bases 
spread,  and  they  become 
flattened  and  finally  cup- 
shaped  by  the  pushing  up 
into  them  of  connective  - 
tissue  projections,  the  den- 
tinal papiiiir.  At  the  same 
time  they  gradually  sink 
deeper  into  the  underlying 
tissue,  but  still  remain  con- 
nected, by  means  of  a  thin 
cord,  with  the  epithelium  o( 
the  enamel  ledge,  which  now  lies  on  the  inner  side  of  the  enamel 
germs.  The  enamel  germs  now  dififerentiate  into  enamel  organs. 
In  this  stage  they  consist  of  an  outer  layer  of  columnar  epithelial 
cells,  which  are  to  be  regarded  as  a  direct  continuation  of  the  basal 
cells  from  tlie  epithelium  of  the  oral  mucous  membrane,  or  still 
better,  of  the  enamel  ledge  ;  the  epithelium  in  the  interior  of  the 
organ  is  derived  from  the  stratum  Malpighii  of  the  oral  epithe- 
lium. The  cells  of  this  layer,  however,  undergo  a  change  in 
shape  and  structure,  in  that  an  increased  quantity  of  lymph-plasma 
or  intercellular  substance  collects  in  the  interspinous  spaces  between 
the  cells,  pushing  the  cells  apart,  and  allowing  their  processes  to 
develop  until  the  cells  finally  assume  a  stellate  shape.  In  this  way 
the  enamel  pulp  is  gradually  formed.  The  next  stage  is  character- 
ized by  a  vertical  growth  of  the  dentinal  papillae,  which  soon  be- 
come surrounded  on  all  sides  by  the  cap-like  enamel  organs.  The 
cyhndric  cells  (enamel  cells)  of  the   enamel  organs  lying  next  to 


Dentin. 


Fig.  184. — Cross-section  of  human  tooth, 
showing  ccmpiit  and  dentin;  X  2*2.  At  a  are 
seen  smalJ  interglobular  spaces  (Tomes'  granular 
layer). 
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the  papilL-e  become  lengthened,  and  after  passing  through  furtlier 
changes,  finally  develop  into  the  enamel  prisms  of  the  teeth.  At 
the  iJcriphcry  of  the  dentinal  papilla;,  there  is  differentiated  a  layefl 
of  columnar  cells,  the  odimtoblasts,  which  have  a  connective-tissue^ 
origin,  and  later  form  the  dentin.  During  these  processes  a 
connective-tissue  mantle,  the  dental  sac,  rich  in  cellular  and  fibrous 
elements,  is  formed  around  each  tooth  anlage. 

The  earliest  appearance  of  the  enamel  is  in  the  form  of  a  cuticu- 
lar  membrane,  developed  from  the  ends  of  the  enamel  cells  resting 
on  the  dentinal  papilla,  tliis  cuticular  membrane  appearing  in  the  form 
of  a  tlim  layer  covering  the  top  of  the  dentinal  papilla.  Sometime 
later,   short  striated    processes — Tomes    processes — appear  on  the 


odontoblasts. — 


S^ 


^ 


)- '     Odontoblasts. 


Terminal  oerve- 
ftber. 


;^V 


Terminal  ntTve- 
fiber. 


Fig.  185. — Nerve  termination  in  the  pulp  of  a  rabbit's  tnolnr.  stained  in  methylene- 
blue  {in/r/t  vifutu)  :  </,  Odontoblasts  seen  in  side  view  ;  ^,  a  number  of  udoritobla<;t&  seen 
in  end  view,  showing  a  terminal  branch  of  a  nerve  tilwr  situated  between  the  odonto- 
blojits  and  the  dentin    (Huber,  *'  Dental  Cosmos,"  October,  1898). 


lower  end  of  each  of  the  enamel  cells  (the  end  toward  the  dentinal 
papilla).  These  are  imbedded  in  a  cement-substance,  forming  a 
continuous  layer.  The  Tomes'  processes  are  regarded  as  the  be- 
ginnings of  the  enamel  prisms.  Calcification  begins  in  the  middle 
of  these  processes  ;  they  thicken  at  the  expense  of  the  cement- 
substance  surrounding  tliem,  which  later  a!.so  calcifies.  The  enamel 
as  a  whole  thickens  by  the  elongation  of  the  Tomes'  processes  of 
the  enamel  cells  and  by  their  subsequent  calcification.  The  process 
ends  finally  in  the  death  and  partial  absorplido  of  the  enamel  cells 
and  the  remaining  elements  of  the  enamel  organs  ;  these  structures 
pcr.sist  for  a  short  time  after  the  eruption  of  the  tooth  as  a  cuticular 
sheath. 

The  dentin  is  develo])ed  by  the  odontoblasts  by  a  process 
analogous  to  that  obser\ed  in  the  formation  of  bone  b\'  the  osteo- 
bla.sts.  These  epitheitoid  cells  secrete  at  their  outer  surfaces  a 
homogeneous  substance  which  fuses  to  form  a  continuous  layer, 
the  memhrana  prafonnatn'a.  The  further  development  of  the  dentin 
is  as  follows :  Its  ground-substance  is  deposited  at  the  cost  of  the 
lateral  portions  of  the  odontoblasts  (under  the  mcmbrana  pra^forma- 
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Figs.  186-189, — Four  stages  in  the  development  of  a  tooth  in  a  sheep  embryo  {from 
the  lower  jaw  )  ;  Fig.  1S6,  Ai»lajje  of  the  enamel  gcmi  connected  with  the  oral  epithelium 
by  the  euamel  ledge  ;  Fig.  187,  tir>l  truce  of  the  dentinal  paiiilla  ;  Fig.  1S8,  advanced 
stage  with  larger  pnpilla  and  differentiating  enamel  pulp  ;  P'ig.  189,  budding  from  the 
enamel  ledge  of  the  anlage  of  the  enamel  gemi,  which  later  goes  to  form  ihe  cnamrl  of 
a  permanent  tooth  ;  at  tlie  j>eriphery  of  the  pa|iilla  the  odotitoblasts  are  beginning  to 
dilTerentiDtc.  Figs,  1M6,  187,  and  188,  .  110;  Fig.  189,  >,  40.  a,  a,  a,  a,  Epithelium 
of  the  oral  cavity;  h,h,h,liy  its  ba<<al  layer;  r.  r,  i",  the  superficial  celU  of  the  enamel 
organ  ;  d,  d,  li,  </,  enamel  pulp;  /,  /,  /,  dentinni  papilla;  s,  j.  enamel-forming  elements 
lenamel  cells)  ;  u,  odont«>blosis  ;  S,  enamel  germ  t»f  the  permanent  Kxvih  ;  r',  pnrl  of  ihc 
enamel  ledge  of  a  temporary  tooth  ;  u,  surrounding  connective  tissue, 
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"*£   '*.:2=rrr»  raavxs. 


•^    -^ 


Saanei  palp. 


7-  -StemelceUs. 


irc  rtil5  remaining  intact  as  the  dentinal 

>    :   -.rrti  r:^l5  cvxitaining  the  nuclei  persist, 

.•::i».-Gi4isss  rt*  the  adult  pulp.     By  the  fusion 

rr  ^---.TM-ixibscance  formed  by  each  cell,  it 

..-•vjr:^  US'  -Mssh  ?uc  s*.x->n  displays  connective-tissue 

._.   _  -.•.-j.i    ^niCT^  i  process  of  calcification.  The  mem - 

brana  praeformativa  has 
no  fibers  and  calcifies 
much  later.  It  lies  im- 
mediately beneath  the 
enamel  or  the  cementum, 
and  in  the  normal  tooth 
always  contains  small  in- 
terglobular spaces.  In 
the  adult  tooth  this  mem- 
brane in  its  entirety  is 
known  as  Tomes'  gran- 
ular layer. 

The  cementum  is 
merely  a  periosteal 
growth  of  bone  originat- 
ing in  the  tissue  of  the 
dental  sac  and  adhering 
to  the  dentin.  Although 
at  first  the  enamel  or- 
gan almost  entirely  sur- 
rounds the  dentinal  pa- 
pilla, later  a  portion  of 
that  part  of  it  in  the  re- 
gion of  the  fang  is  ab- 
sorbed in  order  to  allow 
_  the  cementum   to  reach 

the  surface  of  the  dentin. 
» .  .V   •    -s^  ^ji*^'^^^*  jx>rtion  persist  as  the  epithelial  nests  of 

-V    vxixv^u-v  >.s  :hc  vlcntinal  papillae  change  into  the  tissue  of  the 


-  * 


i'  -  -  vXK^toblasts. 


^_^       ^-A&mA-^ 


,>.i*«^  H  «  ct«w» -tev-tion  through 

v^*WkV.  ?ut  b*s  become  homo- 
3l«ttt  dbf  l.wn  differen- 
.*,».■.     At .  i*  seen  the  in- 
4K  .>AHi;«.<^tMi$»  to  the  tissue  of 


X      v> 


.,  ;\    i.v  ;{K'  thirvl  month  outgrowths  appear  on  the  inner 

•s   v'KuMv*  \v)^o  next  to  the  partly  developed  milk-teeth, 

,^^.>N^.Mv  VK  JtttUgcn  of  the  enamel  organs  of  the  permanent 

"V  V,    u.  i?vr  vK'x  vlopment  is  similar  to  that  of  the  milk  teeth. 

.•i^vttts  vs*' the  molars  are  also  developed  from  an  enamel 

r  Nv  A  >  >'*  vtctu  v^Uy  a  backward  continuation  of  the  embr>'onic 

^^     .      ^Vith  their  crowns  presenting,  the  temporary  teeth 

\v^:v  :  >JvHi$:h  the  epithelium  of  the  gums.     When  the  de- 

»  vs  •  V  vvitiunent  teeth  is  so  far  advanced  tliat  they  are 

,v    v..v'.»i;v\  iej:n*ssive  processes  begin  at  the  roots  of  the 
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milk-teeth,  which  are  due.  as  in  like  conditions  of  the  bone,  to  the 
action  of  certain  cells,  which  are  here  known  as  "odontoclasts." 
The  crowns  of  the  milk-teeth  arc  then  thrown  off.  one  by  one,  by 
the  groning  permanent  teeth. 

For  further  information  as  to  the  teeth  and  their  development, 
see  the  articles  by  v.  Ebner  (Scheff 's  "  Handbuch  der  Zahnheil- 
kunde'*andin  Kolliker's  "Handbuch  der  Gewebelehre,"  Hd.  iii), 
whose  studies  we  have  to  a  great  extent  fullowed  on  this  subject. 


2.  THE  TONGUE. 

The    Lingual  Mucous  Membrane  and  its  Papillae. — The 

mucous  membrane  of  the  tongue  differs  in  general  very  little  from 


Fig.   191. — Fungiform  papilla  from  human  tungue. 

that  lining  the  rest  of  the  oral  cavity.  It  must,  however,  be  borne 
in  mind  that  in  the  greater  part  of  the  tongue  the  submucosa  is 
poorly  developed,  and  as  a  consequence  the  mucous  membrane  on 
the  upper  surface  and  base  of  the  tongue  is  scarcely  movable. 
Other  peculiarities  of  the  lingual  mucous  membrane  arc  the  absence 
of  glands  in  the  mucosa  on  the  upper  surface  of  the  tongue. — 
although  glands  are  found  in  the  musculature  of  the  tongue,  their 
ducts  passing  through  the  mucosa, — the  presence  of  epithelial 
papillc-e,  and  of  lymph-follicles  at  the  base  of  the  tongue. 

The  upper  surface  of  the  tongue  is  roughened  by  the  presence 
of  epitheh'al  projections,  the  liui^ual papill<r.  The  latter  are  almost 
entirely  epithelial  structures,  and  should  not  be  confused  with  those 
papillae  which  are  composed  exclusively  of  connective  tissue.     There 
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are  several  classes  of  lingual  papillx^ — the  filiform^  the  fungiform, 
and  the  circumvallate  papilla.  The  most  numerous  are  the  thread- 
like or  filiform  papillic  (from  o.j  to  3  mm.  long).  These  are  scat- 
tered over  tlie  entire  upper  surface  of  the  tongue,  and  consist  of 
conic  projections  of  the  epithelium  and  of  the  mucosa.  The  con- 
nective-tissue portions  of  tiiese  papillae  are  very  thin  and  long.  The 
basal  layers  of  the  epithelium  can  not  be  distinguished  from  the 
same  layers  covering  the  surrounding  mucosa,  but  the  more  supcr- 


'  I^pilla  fiUformu. 


>  -Tongue  epithe- 
lium. 


B-Conuwiive-tissue 
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layer. 

Fig^  192. — From  ft  ORM>>»ec(ion  of  the  human  tongue,  showing  shtirt,  thread-like  papilUe 

(filiforra) ;   v  140. 


ficial  layers  are  differentiated,  in  that  their  cells  are  arranged  parallel 
to  the  long  axes  of  the  papilla;  and  overlap  each  other  like  tiles 
(Fig.  192).  Their  free  ends  are  often  continued  into  several  spine- 
like  processes,  I-ess  numerous  than  the  filiform  are  the  fuugifonn 
paf*illit  (from  0.7  to  i.S  mm.  id  height)  scattered  here  and  there 
between  the  former.  They  are  nearly  hemispheric  in  shape,  and  are 
jj)ined  to  I  he  surlace  of  the  tongue  by  a  slightly  constricted  base. 
At  times  ihcy  are  even  partly  sunk  into  the  mucous  membrane. 
Tlu"  muco.sa  is  raised  under  the  epithelium  to  form  connective-tissue 
papillic(rig.  191).     On  the  free  surface  of  the  fungiform  papil!;c 
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are  sometimes  found  taste-buds,  or  tastc-goblets,  which  h'e  im- 
bedded in  the  epithehum  and  extend  throutjh  its  entire  thickness. 
The  circumvallatc  papUlte  occupy  a  definite  region  on  the  upper 
surface  of  the  tongue,  and  are  arranged  in  two  rows,  forming 
almost  a  right  angle,  with  the  apex  directed  backward  and  situated 
just  in  front  of  the  foramen  ca;cum  (Morgagni).  These  papillae 
are  few  in  number,  about  eight  to  fifteen  in  all.  In  shape  they 
are  similar  to  those  of  the  fungifomi  t\'pe,  but  are  much  larger 
(about  1  or  2  mm.  in  diameter),  and  sunk  so  deeply  into  the 
mucous  membrane  that  the  latter  forms  a  wall  around  their  sides. 
Here  also  the  mucosa  passes  up  into  the  papilh-e  and  forms  con- 
nective-tissue papilhe  <oi  its  own  at  the  ujJijer  surface,  while  at  the 
sides  it  merely  adheres  to  the  smooth  inner  surface  of  the  epithelial 
layer.  Taste-buds  arc  found  in  the  epithelium  at  the  sides  of  the 
papilljE,  and  also  in  that  of  the  ridges  surrounding  the  papilla?.  At 
the  sides  of  the  human  tongue  and  near  its  base  arc  the  so-called 
fimbrivs  lingua.     These  arc  irregular  folds  of  mucous  membrane, 


*  ^'"'^ 


Fig'  '93 — IxingiuuliTial  section  of  ft>liate  papilla  "f  rabbit,  shuwiriK  taste-buds. 


the  sides  of  which  also  contain  taste-buds.  In  the  rabbit  they  are 
more  regular  in  structure  and  consist  of  parallel  folds  of  mucous 
membrane  thickly  ilutted  with  taste-buds,  and  are  termed  the  foliate 
papilUc.  In  place  of  the  circumvallale  papilla.*,  the  guinea-pig  pos- 
sesses structures  similar  to  the  foliate  papillie  of  the  rabbit. 

Into  the  depressions  in  which  the  circumvallatc  papillae  lie  and 
into  those  between  the  fi>kis  of  the  fimbriae  linguie  open  the  ducts 
of  numerous  serous  glands,  the  glands  of  v.  Ebner  (see  below). 

The  Taste-buds- — The  gustatory  organs  in  llie  form  of  taste- 
buds  are  found  on  the  surface  of  the  tongue,  principally  on 
the  lateral  surfaces  of  the  circumvallatc  papillae  and  the  fimbria; 
lingUrC  (foliate  papilla:).  They  are  also  occasionally  met  with  in 
the  cfnlhclium  of  the  fyngiform  papilhe  and  the  soft  palate,  and  on 
the  posterior  surface  of  the  epiglottis.  They  always  lie  imfjedded 
in  the  epithelium  and  extend  through  its  entire  thickness  ;  they  are 
ovoid  in  form,  with   base  downward  and  the  smaller  pole  at  the 
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surface.  The  whole  structure  is  surrounded  by  the  epithehum  of 
the  mucous  membrane  of  the  regions  in  which  they  occur,  except 
at  the  attenuated  outer  end  of  the  taste-bud,  where.  b>'  means  of  a 
small  opening,  the  tastt-pot't,  it  communicates  with  the  oral  cav- 
ity. Most  of  the  cells  constituting  the  taste-buds  are  elongated, 
spindle-shaped  structures,  extending  from  one  end  of  the  organ  to 
the  other,  with  spaces  between  them.  There  arc  four  varieties  of 
these  cells  :  (i)  The  outer  sustentacular  or  tegmental  cells,  lying  at 
the  periphery  of  the  organ  with  a  nucleus  in  their  center,  and 
having  a  short,  cone-shaped  cuticular  projection  ;  (2)  the  inner 
sustentacular  or  rod -shaped  cells,  which  are  more  slender  structures 
with  basally  situated  nuclei  and  without  a  cuticular  projection  ; 
between  the  latter  are  (3)  elongated,  spindle-shaped,  neuro-epithe- 
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Fig.  194. — l/JDgitudinal  section  of  a  hunuin  circumvalkte  papilla;  y,v>. 


lial  cells,  with  the  nucleus  o{  each  in  the  thickest  portion  of  the 
cell,  and  with  slender,  stiJT  processes  projecting  into  the  taste-pore; 
(4)  a  few  broad  basal  cells,  communicating  with  each  other  as  well 
as  with  the  sustentacular  cells  by  numerous  processes.  We  have, 
thercfurc,  in  the  cells  of  the  first,  second,  and  probably  fourth 
varieties,  elements  winch  belong  exclusively  to  the  sustentacular 
apparatus  of  the  organ  (Hermann,  85,  %'^), 

Von  Ivbncr  fountl  in  the  taste-buds  of  the  circumvallate  papilla 
of  man,  monkey,  and  cat,  as  well  as  of  the  papillae  fohata!  of  the 
rabbit,  an  oi>en  space  situated  between  the  taste-pore  and  the  tip 
of  the  taste-bud  (Fig.  195).  These  spaces  vary  according  to  the 
species,  and  are  bounded  above  by  the  summits  of  tJie  tegmental 
cells  and  laterally  and  below  by  the  more  centrally  situated  sus- 
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tentacular  cells.  The  cavities  are  often  10  //  in  depth,  and  are 
filled  with  a  fluid  apparently  in  communication  with  the  fluid  of 
tlie  depression  into  which  the  circunivallatc  papillae  arc  sunk.  The 
pr9cesses  of  the  neuro-epithelial  cells  project  into  the  cavity  from 
its  floor  and  lateral  walls,  but  do  not  extend  as  far  as  the  taste- 
pore. 

The  circum vallate  papillae  are  diflTerentiatcd  from  the  adjacent 
surface  of  the  tongue  by  the  development  of  a  solid  encircling 
epithelial  ridge.  Nu- 
merous taste-buds  ap- 
pear on  the  surface 
quite  early  in  the  his- 
tory of  the  embrj'o. 
These,  however,  dis- 
appear completely 
when  the  permanent 
taste  -  buds  develop 
from  the  basal  cells 
of  the  epithelial  ridge. 
Similar  phenomena 
occur  in  the  fungiform 
papilla.*  (Hermann, 
88). 

The  neural  cpith- 
elia  of  the  taste-gob- 
lets were  formerly  re- 
garded as  directly 
connected    with     the 

nerve-fibers  by  means  of  long  processes,  but  the  latest  researches 
have  shown  that  dendrites  of  scnsor\^  neurones  (sensorv'  nerves) 
enter  the  taste-buds  and  end  free  in  telodendria.  The  latter  sur- 
round the  neuro-epithelial  and,  to  some  extent,  the  sustentacular 
cells,  their  relations  depending  upon  contact. 

The  Lymph-follicles  of  the  Tongue  (Folliculi  linguales) 
and  the  ToasllS. — At  the  root  of  the  tongue,  and  especially  at  its 
sides,  are  numerous  elevations  due  to  the  increased  quantity  of 
lymphoid  tissue  found  in  the  mucosa  of  these  regions,  the  lingual 
tonsils,  or  lingual  follicles.  In  the  center  of  each  follicle  is  a  cavity 
communicating  with  the  e.xtcrior  and  caused  by  an  invagination  of 
the  epithelium.  The  lymphoid  tissue  contains  a  number  of  more  or 
less  distinctly  defined  lymph-nodules,  some  even  showing  germ 
centers  (z'id,  p.  197).  The  whole  structure  is  surrounded  by  a 
connective-tissue  capsule.  The  epithelial  walls  of  the  follicular 
cavities  often  show  extensive  degenerative  changes,  which  are 
accompanied  by  increased  migration  of  leucocytes  into  the  oral 
cavity.  These  leucocytes  change  (according  to  Stohr,  84)  into  the 
so-called  mucous  or  salivary  corpuscles  of  the  saliva. 

Pharyngeal  TonsiL — Hie  pharyngeal  tonsils  may  be  regarded 
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Fig.   195. — Schematic    representation    of   a  laslegoblet 
(partly  after  lienna.nn,  88). 
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as  clusters  of  small  lymph -follicles,  similar  to  those  found  in  the 
tongue.  The  pharyngeal  tonsil  presents  numerous  irregularly 
formed  erupts,  litied  by  stratified  pavement  epithelium.  These  cr^'pts 
are  often  widened  at  the  base  and  are  provided  with  irregular  sac- 
cular cnlargenK-nts.  The  crv'pts  are  all  surrounded  with  lymphoid 
tissue,  which  may  be  regarded  as  diftiise  lymphoid  tissue  in  which 
arc  found  numerous  lymphoid  follicles,  often  showing  germ-centers. 
The  lymphoid  tissue  is  bounded  externally  by  fibrous  tissue,  septa 
of  which  pass  into  the   lymphoid  tissue  surrounding   the  crypts. 


H^ 


//.! 


:'nl 


a 


Fig.  196. — Srclion  (brmigh  the  pharyngeal  tonsil  of  man;  Y  6'j:  «7^/.  Arcus 
glcksso-palatinus;  r/,  epithelium ;//,  crypt;  M.  sirialed  luusclc;  »/,  lymphoid  nodules ; 
S,  connective  tissue  septa;  ;/,  remamsof  tonsillar  sinus. 

The  epithelium  lining  the  crj-pts  or  cavities  of  the  tonsils  shows, 
as  in  the  lingual  follicles,  extensive  degenerative  changes,  resulting 
mainly  in  the  formation  of  variously  shaped  ci.»mnuinicating  spaces 
filled  with  lymphocytes  and  leucocytes.      (See  Fig.  197.) 

liesides  the  nerves  termii^ning  in  the  taste-buds,  tlic  tongue  is 
richly  supplied  with  sensory  nerves  which  terminate  in  free  sen- 
sory endings,  which  may  be  traced  into  the  epithelium,  and  which 
are  especiall\'numcrr*us  in  the  fungiform  and  circumvallate  papilhe  ; 
or  in  smaller  or  larger  end-bulbs  of  Krausc  found  in  the  mucosa  of 
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the  fiingiform  papillae, 
in  motor  endings. 


The  motor  nerves  of  the  tongue  terminate 


GLANDS  OF  THE  ORAL  CAVITY. 

The  glands  of  the  oral  cavit>''  comprise  numerous  branched 
tubulo-alveolar  glands  situated  in  the  mucosa  and  submucosa  of 
the  hps,  check,  and  tongue;  branched  tubular  glands  in  the  region 
of  the  circumvallate  papilla*;  of  a  pair  of  compound  branched 
alveolar  glands,  the  parotid;  and  of  two  pairs  of  compound 
branched  tubulo-alveolar  glands,  the  submaxillary  and  sublingual. 
These  arc  classified  accordini,^  to  their  secretions  into  those  secret- 
ing principal  1\'  mucus  (human  sublingual  and  many  of  the  smaller 
oral  glands),  and  known  as  mucous  glands;  those  secreting  a  fluid 
albuminoid  substmcc  containing  no  mucus,  the  serous  glands 
(parotid  glands  and  the  small  glands  near  the  circumvallatepapilk't); 
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Fig.  197. — The  area  desij^ated  by  «  in  the  prevjinii  ilhistralioii.  shown  by  a  bigher 
magnihcation  ;  >  nboul  150:  //,  LcuaKylcs  in  the  cpitheliuiii ;  6,  owe  of  ihe  sjvnces 
in  the  epilhdiiim  filled  with  leucocyte*  and  more  or  less  changed  cpiihclial  iclls ;  f, 
blood-vessel ;  */,  numml  epilheliutni  ;  «-,  basal  cell  of  the  same. 

and  those  having  a  mi.xed  secretion,  mucous  and  serous  glands 
(human  submaxillary).  The  ducts  of  all  these  glands  open  into 
the  cax'ity  of  the  mouth.  The  ducts  of  the  smaller  oral  glands  are, 
as  a  rule,  short  and  pass  up  through  tlie  mucosa  and  the  epithL*lium 
to  open  on  the  free  surface.  The  principal  excret(*ry  ducts  of  the 
large  salivary  glands  arc  Steno's  ducts  (Stenson's  ducts),  passing 
from  the  i>arntid  glands  to  the  mouth  ;  Wharton's  ducts,  the  ducts 
of  the  submaxillary  glands,  and  Bartholin's  ducts  for  the  sublingual 
glands.  The  salivarj'  glands  consist  of  numerous  lobules  and 
small  lobes  of  glandular  tissue,  surrountletl  bv  a  thin  fibrous- 
tissue  capsule  which  sends  septa  and  trabecule  between  the  lobules 
and  lobes.  The  duct  of  each  gland  on  reaching  the  gland  divides 
into  smaller  ducts,  which  penetrate  the  gland  between  the  lobes  and 
lobules,    dividing    and    redividing    in    their   course;    the    terminal 
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branches  enter  the  lobules  and  join  the  tubules  and  alveoli.  The 
ducts  of  the  human  submaxillary  glands  have  been  carefully  inves- 
tigated by  Flint;  his  account  is  here  followed.  The  submaxillary 
duct  (Wharton's  duct)  generally  divides  into  three  primary  ducts, 
which  extend  in  various  directions  and  are  usually  relatively  short, 
dividing  into  the  interlobular  ducts,  which  often  run  for  relatively 
long  distances  before  giving  off"  individual  branches.  They  run  in 
the  connective  tissue  between  the  lobules,  and  give  off  branches 
and  end  in  ducts  which  ramify  between  the  lobules  and  are  known 
as  sublohular  ducts,  whicii  in  turn  give  rise  to  lobar  ducts,  which 
generally  ramify  through  three  or  four  divisions  which  follow  in 
close  succession,  forming  tlie  intralobular  ducts.  These  radiate 
from  the  centre  toward  the  peripher>'  of  the  lobules,  without,  how- 
ever, reaching  the  periphery.  The  terminal  branches  of  the  intra- 
lobular ducts  arc  the  intcnncdiafc  ducts  (intercalary),  which  are  in 
communicatiun  with  the  secretory  compartment,  the  tubules. 

The  epitJielium  lining  the  different  portions  of  the  large  excre- 
tory docts  varies  somewhat.  For  a  short  distance  from  their  oral 
end  they  are  lined  by  a  stratified  columnar  epithelium  consisting 
of  two  layers  of  cells  (Wharton's  ducts  are  now  and  then  lined 
for  a  short  distance  by  a  stratified  pavement  efiithelium  continuous 
with  that  lining  the  mouth).  Bej-ond  this  stratified  columnar  epi- 
thehum,  which  extends  for  a  variable  distance  along  the  large 
excretors'  ducts,  the  ititerlubular  ducts  and  the  sublobular  ducts  are 
lined  by  a  pscu  dost  ratified  columnar  epithelium,  possessing  two 
rows  of  nuclei  (Steiner).  The  intralobular  ducts  are  lined  by  a 
single  layer  of  columnar  cells,  the  basal  half  of  each  cell  showing 
a  distinct  striation.  The  intermediate  portions  of  the  ducts  arc 
lined  by  a  low.  cubic,  or  flattened  epithelium.  The  epithelium  of 
the  ducts  rests  on  a  basement  membrane,  consisting  of  vcrj'  fine, 
clo.sely  woven  connective-tissue  fibrils  (Flint).  External  to  this 
there  is  a  sheath  o{  areolar  connective  tissue,  which  shows  external 
to  tlie  basement  membrane  a  layer  of  closely  woven  elastic  fibers. 
The  briber  divisions  of  the  duct  have  nonstriated  muscle-cells  in 
their  walls. 

Between  the  membrana  propria  and  the  secreting  epithelium  of 
the  tube,  and  more  especially  in  the  acini,  are  branched  cells  which 
anastomose  with  each  other,  the  so-called  basket  cells.  The  origin 
of  these  cells  has  not  been  fully  determined;  their  existence  even 
has  been  questioned.  Their  processes  penetrate  between  the  glan- 
dular cells  and  form  a  supporting  structure  for  them.  The  mem- 
brana propria  surrounding  the  entire  glandular  tube  is  in  close 
relationship  to  these  cells. 

We  shall  now  consider  more  in  detail  the  structure  of  the 
alveoli,  tubules,  and  of  the  salivary  glands. 
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;.vrtvn  ci  a  Miblinfrnal  gland  of  man  ;  V  140.     The 
.1',  'i«l'i>   >baJed    (Maziai^ki,  •' AnatuiinbLtK-  Helle,' 


.  .    ^..     ■  Sv:'-::n  or  in  2  7^  to  5^  sotlium  chlorid  solu- 

.*  ';.■::  r:\ed  and  staintil  after  special  methods,  it 

\.,  ;'.   >.\-ivli^»n  is  first  f<>rmeil  in  the  form  of  large 

^<  -    vv'  .1  substance   known    as    mucigen.    which 

.  ,,•  ..;::'.  ti:o  mucus,  much  as  described  for  mucous  or 

-.V  •-'..;;.■  ^"V      In  preparations  the  cells  of  whicli  are 

••   .-^c::  tiu  nuclei  are  situated  at  the  ptrij)hery  of  the 

:    ,--!i.  near  the  basement  numbranes.     The  cells  with 

:.  -  a:e  situated  in   close  apposition  to  the  basement 

: -ox    resemble  in  structure  stiDus  cells,  and  are  found 

vv  \\\  groups  of  crescentic  shape.     Thest-  groups  are 

*  .  '..x\-;V,V  «y   (litui/tsct  or  thtr  ,/,  tm/itfits  of  Ilcidcniiaift. 

.  of  tlie  individual  cells  compD.sing  the  cre.scents  are 
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often  so  faintly  outlined  that  the  whole  structure  has  the  appearance 
of  a  large  polynuclear  giant  cell. 

The  demilunar  cells  have  been  variously  interpreted  by  different 
observers.  They  have  been  regarded  as  permanent  cells  with  a 
special  secretion,  as  transitional  structures,  and  again  as  cells  des- 
tined to  replace  the  degenerated  mucous  cells.  Stohr  (Sj)  be- 
lieves that  the  cells  of  the  acini  are  never  destroyed  in  the  process 
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Fig.  200. — From  section  of  human  submaxillary  gland. 

of  mucous  secretion,  and  that  the  crescents  of  Gianuzzi  are  there- 
fore merely  a  complex  of  cells  containing  no  secretion,  which  have 
been  crowded  to  the  wall  by  the  atijacent  enlarged  and  distended 
cells.  Solgcr  (96),  on  the  other  hand,  does  not  regard  the  demi- 
lunes as  transitional  structures  whose  function  is  to  replace  the 
destroyed  cells,  but  considers  them  to  be  permanent  secreting  cells 
— an  opinit>n  which  he  bases  on  the  results  of  special  methods  of 
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investigation.  According  to  him,  then,  the  mucous  salivary  glands 
are  mixed  glands,  in  that  the  demilunes  consist  of  cells  of  a  serous 
t>T3e,  while  the  remaining  elements  are  mucous  in  character.  The 
destruction  of  mucous  cells  during  secretion  is  not  admitted  by  him 
(compare  also  R.  Krause).  This  latter  view  seems  mort-  in  accord 
with  recent  observations. 
17 


L  fflmwIV — The  submaxillary 

tk<d  tah»aics  similar  in  shape  and 

Iti  gftmd,  having  a  serous  secre- 

^nkugenients,  lined  with   cells 


k^ftvnM  of  •  salivary  gland  with  mucous  srcretion  :  a,  intralo- 
"        "Kt;  c,  tubulr*  nnd  alveoli  lined  by  mucous  cells  ;  d,  denij- 
UMB  ,-««^  vrfilMUid  Davidoff,  third  Germuii  edition). 

mem.     These  mucus-secreting  tubules  are  joined  to 
^iKts  which  are  branches  of  intralobular  ducts  with 
M^JllMlMHa-     The  mucus-forming  tubules  show  the  demi- 
r  NMHliblin.     The  submaxillary  glands  of  man  are  there- 


^/^ 


■^  aoi.— A  Bumber  cf  alveoli  fr^rni  the  subroaxinary  gland  of  dog,  stained  in  chrome* 
stiver,  showing  some  of  the  tine  intercellular  tubules. 

ftvrr  mixeil  glands,  with  both  serous  and  mucous  secretion,  the  re- 
spective tubules  or  groups  of  tubules  showing  the  characteristics  of 
mucous  and  serous  glands.  In  Fig.  202  is  shown  a  portion  of  a 
moilct  of  a  salivary  gland,  with  mucous  secretion. 


dcarisr  in  tkooe  of  tke  lips  (J.  ?odkr>     Tbor  are  kacmm^  xcxvd- 
■^  tD  tlKv  locMaoo,  K  g^HlKbe  Unka;  ] 

ttckifacteisticqfanthe  iMiWri  gtands  rf  Ac  oil  catiy. 

if  of  tboae  paite  correspoodB^  to  iIk  adai  of  die  luf^ 

asT.  Elxicr'se^BKKoocwiBthelaievc.tlKirikicis 
the  (iqtfeasioQs  cf  tbe  diciHiTaBate  and 

extend  into  tlK  mnrabr  poftioii  of  tbe 
The  gesKfal  <  i"«^  i^  of  r.  Eboer's  giands  b  shovn  in  F^.  204* 

The  alivasy  gbads  and  soialler  giands  of  dK  OKMoth  have  a 
rich  hUtdsmppfy.  In  the  aafivaiy  giands  the  artcfiB  follow  the 
docts  thrcMjgb  their  lepeatwi  branching,  ahimlcly  endn^  in  afil^ 
fcnies  whkh  fo«m  a  network  indosing  the  adni  and  the 
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Tbe  blood-vessels  for  each  lobule 
few  anastomoses  with   those   of 


t  connective   tissue  surrounding   and 
e  found  clefts,  which  contain  lymph, 
en  the  blood-capillarics  and  the  base- 
->TSseIs  are  found  in  the  connective  tissue 
lobes  of  the  gland,  in  which  they  follow 
Ljtvph-vesseis    have    not    been   found  in  the 


%^    tfi^^-^Mttk  of  •  Rt*nd  of  T.  Ebner.  from  a  boy  fourtren  yean  old;    >;  I70- 
(Muiarski,  '*  Anatomische  Hcfte,"  1901,) 

llic  •*nv  smfpiy  of  the  salivary  glands,  may,  owing  to  the  im- 
|x%ftAiKC  v^f  these  structures,  receive  somewhat  fuller  consideiation. 
iVir  nerve  supply  is  from  several  sources.  That  of  the  sublin- 
I^uaI  Jmd  submaxillary  glands  will  be  considered  first  Sensory 
lKrvc-ltbcn«  ^no  doubt  the  dendrites  of  scnsor>'  neurones,  the  cell- 
b^xtic^  of  w  hich  are  situated  in  the  geniculate  ganglion)  terminate  in 
ftvc  sensory  endings  in  the  large  excretory  ducts  and  their  branches. 
These  inedullated  fibers  accoiiipan)-  tlie  ducts  in  the  form  of  smali 
bunvlles.  From  place  to  place  one  or  several  fibers  leave  these 
buitdles  and,  aUcr  dividing  a  number  of  times,  lo.se  their  medullary 
ft)icAth».  After  further  division  the  nonmedullated  blanches  form 
plexuses  under  l!»e  epithelial  lining  of  the  ducts.  From  the  fibers 
i>f  lhc5C  ple.vusc-s  terminal  fibrils  are  given  off,  which  enter  the 
epithelium,  to  end,  often  near  the  free  surface,  on  the  epithelial  cells 
(Amstcin,  95;  Muber,  96).     The  secretory  cells  of  the  acini  receive 
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red  stimnfctfioo  of  tbe  cborda  ttiupani  is  doc,  tbatlbff;  not  to  a 
dired  stanalation  of  tbe  giand-cells  by  tbe  fibers  of  dio  quirc,  bat 
to  a  stimalation  of  tbe  sympatbctic  neuroties  of  tbc  soUingual  and 
wihmainHary  ganglia,  tbe  nctuaxes  of  vbkb  oottvcy  tbe  imfH^se  to 
tbe  gbnd-GcUs.  These  glands  ba%*e  a  furdier  ncrre  supply  irom  tbc 
supciior  cervical  gangna  of  die  ocrvical  sympathdic  Tbe  nevtaxes 
of  5}inpatbdic  ncnroncs.  tbc  oell-bodics  of  wbkb  aic  situalcO  in  tbc 
superior  ccrrical  ganglia,  accotnpany  tbc  blood-vessels  to  tbc  sub- 
Ki^ual  and  subnia3dllar>'  glands  ;  their  mode  of  tcrminatkin  is. 
boanevcr.  not  as  >-ct  detenmncd.  The  ccB-bodies  of  the  ^Tmpalhrtic 
nearoncs  here  in  question  arc  sarroonded  by  cnd-badcets  of  nerves 
arbicfa  leave  tbe  spinal  cord  tfafxiogb  tbc  second,  tbmi  and  fourth 
dorsal  spinal  roots.  The  blood-vessels  of  tbe  salivary*  glands  are 
also  richly  supplied  «~ith  vasomotor  Denies,  tbc  ncunuccs  of  S3rnipa- 
thdic  nenrones^  wfaicb  terminate  on  the  musclcoeUs  of  their  vails. 
The  nerve  supply  of  the  parotid  glands  is.  in  die  nndn,  Kkc  that  of 
the  other  salj\-ar>-  glands  here  described,  although  it  has  not  been 
worked  out  rnth  the  same  detail  The  cdl-bodics  of  tbe  s\-mpathctic 
neurones,  the  neu  raxes  of  which  innemtc  the  gland-ccHs,  are,  it 
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I  ii*:  f-ytiAtit'/tt".  fftuiiiius  two  vari#^:ti':s  of  glands :  (i)  Mucous 
i.jl4n'l-.  ^'f  III'  1/1^:  of  hrariciicd  tubulo-alvcolar  glands.  TTic  secret- 
ing; |/oifj'/Mn  '/f  tli'Tv:  yhiwh  arc  situated  in  the  submucosa,  while 
III'  'lii»t-.  i/a-.-,  throujjh  the  muscularis  mucosx  to  the  surfidice. 
I  Ik  ill  I  I'lifijj  t»if/ijlo.n  and  alveoli  arc  lined  by  mucous  cells  ;  demi- 
lun«  f»  ,in-  .il/v:rit.     'I'lic  duct%  which  often  show  cystic  dilations. 
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are  lined  for  the  greater  part  by  a  single  layer  of  columnar  cells ; 
at  their  termination  they  often  possess  a  lining  of  stratified  pave- 
ment epithelium.  (2)  The  otiier  variety  of  glands  are  found  in  two 
zones,  tlie  one  situated  at  tlie  upper  end  of  the  esophagus,  in  a 
region  opposite  the  cricoid  cartilage  to  the  fifth  tracheal  cartilage 
(superficial  glands  of  esophagus,  Hewlett;  upper  cardiac  gland, 
Schafier).  the  other  at  the  end  of  the  esophagus,  just  l>efore  it  enters 
the  stomach — the  esophageal  cardiac  glands.  These  glands  are 
situated  above  the  muscularis  mucosae,  and  are  of  the  branched 
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Fig.  205. — Section  of  esophagus  of  dog  ;    .    18. 

tubular  variety.  The  ducts  of  these  glands,  which  reach  the 
surface  through  the  apices  of  the  connective  tissue  papillae,  are 
lined  by  a  single  layer  of  columnar  epitiiclial  cells.  The  secreting 
portions  of  the  tubules  are  lined  by  shorter  columnar  cells.  Here 
and  there  cells  like  the  parietal  cells  of  the  fundus  glands  of  the 
stomach,  to  be  described  later,  are  also  found,  as  also  cells  showing 
a  mucous  secretion.  The  cardiac  glands  of  the  esophagus  arc 
similar  to  the  glands  of  the  same  name  found  at  the  cardiac  end 
of  the  stomach,  with  which  they  may  be  said  to  be  continuous,  and 
which  will  receive  further  consideration. 
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MIXD  INTESTINE. 

THE  INTESTINAL  MUCOUS 


9i  ibc  stonuch  and  intestine,  unlike 
mat  fttti  Cftvity,  possesses  an  epithelium  of 
xanetr  «idk  elongated  cells  (about  22  fi  in 
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At  the  cardia  the  stratified  squamous  epithelium  of  the 

JUS  lenninalcs  abruptly,  the  basilar  layer  of  the  esophageal 

imsi  being  continued  as  the  simple  columnar  epithelium  of 

«li«nuch.      In  the  iiitistinc  the  epithelium  shows  a  well-marked 

Mmted  culicular  l>i>rdrr,  striated  protoplasm  in  the  outer  ends  of 

the  cclls»  extending*  to  the  immediate  vicinity  of  the  nuclei,  which 
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are  situated  in  the  basal  portions  of  the  cells.  The  basal  portion  of 
each  cell  consists  of  nonstriated  protoplasm,  endin^  in  a  longer  or 
shorter  process  which  extends  to  the  basement  membrane,  or  possibly 
even  penetrates  it.  The  epithelial  cells  have  the  power  of  produc- 
ing mucus,  a  phenomenon  which,  in  the  normal  condition,  rarely 
embraces  whole  areas  of  epithelium  ;  these  cells  (goblet  cells)  are 
usually  surrounded  by  others  which  are  unchanged  (for  details  about 
goblet  cells  see  General  Histology,  p.  S^).  Throughout  the  entire 
intestinal  tract  the  epithelium  forms  simple,  branched,  and  compound 
tubular  and  alveolar  glands.  These  are  depressions  lying  in  the 
mucosa,  and  only  in  tlie  duodenum  extend  beyond  it  into  tlie  sub- 
mucosa. 

The  mucosa  consists  of  adenoid  tissue,  consisting  of  reticular 
fibers  and  a  fine  network  of  elastic  fibers,  containing  relatively  few 
cells.  It  fills  the  interstices  between  the  glands,  and  often  forms  a 
thin  but  continuous  layer  (granular  layer  of  F.  P.  Mali)  below  the 
glands.  It  is  therefore  obvious  that  the  development  of  the 
mucosa  is  inversely  proportionate  to  the  number  and  the  densit>^  of 
arrangement  of  the  glands ;  when  the  latter  are  present  in  large 
numbers,  as,  for  instance,  in  the  stomach,  the  mucosa  is  reduced  to 
a  minimum.  In  the  small  intestine  it  forms  not  only  the  perma- 
nent folds,  but  also  certain  leaf-like  and  finger-like  elev-ations 
known  as  villi,  which  are  covered  with  epithelium  and  project  into 
the  lumen  of  the  intestine,  thus  increasing  to  a  considerable  extent 
the  surface  area  of  the  mucous  membrane.  In  the  mucosa  are 
found  small  nodules  of  adenoid  tissue.  These  are  spoken  of  as 
lenticular  glands  when  occurring  in  the  stomach,  as  solitary*  glands 
when  found  in  the  upper  portion  of  the  small  intestine  and  in  the 
large  intestine.  In  the  lower  portion  of  the  small  intestine  they  are 
grouped  to  form  the  agminated  glands,  or  Peyer's  patches,  which, 
when  large,  extend  into  the  submucosa.  In  the  external  portion 
<»f  the  mucosa  there  is  found  a  thin,  somewhat  denser  layer,  known 
as  the  stratum  fibrosum  (F.  P.  Mall),  consisting  mainly  of  white 
fibrous  tissue  (Spalteholz)  ;  and  external  to  this  is  a  layer  consisting 
of  two  or  three  strata  of  unstriped  muscle-fibers,  the  muscuJaris 
mucosit.  As  a  rule,  it  is  composed  of  an  inner  circular  and  an 
outer  longitudinal  layer.  This  arrangement  is  interrupted  only 
where  the  larger  glands  and  follicles  penetrate  into  the  submucosa. 
The  epithelium  with  the  glands,  the  mucosa  with  its  lymph-nodules, 
and  the  muscularis  mucosae  form  together  the  mucous  manifranc, 
or  tunica  mucosa. 

Below  the  mucous  membrane  is  the  connective-tissue  submucosa. 
This  is  characterized  by  its  loose  structure,  and  consequently  affords 
considerable  mobility  to  the  mucous  membrane.  In  the  small  intes- 
tine it  forms  a  large  number  of  permanent  transverse  folds  known 
as  7ahn/tF  connivcufcs  (Kerkring).  In  the  submucosa  of  the 
duodenum  occur  the  secreting  portions  o{  Brunncr  s  glands  (gland- 
ul;e  duodenales),  and  in  the  small  intestine  the  larger  lymph-nodes 
and  Peyer's  pxatches. 
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External  to  the  subniucosa  is  the  muscular  coat,  wliich  generally 
consists  of  two  layers  of  unstrijxrd  muscle-tissue.  The  inner  layer 
is  composed  of  circular  fibers  (stratum  circulare)  ;  the  outer  layer,  of 
longitudinal  fibers  (stratum  Iun£,ntuclinale).  In  the  colon  the  longi- 
tudinal layer  forms  definite  bands,  the  kenice  coii.  In  some  regions 
the  circular  fibers  are  also  considerably  reinforced,  particularly  in 
the  pliciE  sigmoidt'fE  whicli  lie  between  the  ta^ni^e  coli.  At  these 
puints  the  longitudinal  layer  also  is  thickened.  In  the  rectum  the 
circular  fibers  form  the  internal  sphincter  ani  muscle.  In  the 
stomach  a  third  layer  is  added  to  the  two  already  mentioned,  with 
fibers  running  obliquely.  It  lies  internal  to  the  circular  fibers,  but 
does  not  form  a  continuous  layer. 

According  to  Ixgge,  elastic  fibers  are  present  throughout  the 
entire  digestive  tract  of  all  adult  mammalia  and  vary  only  in  minor 
details  in  the  different  species.  In  regions  in  which  the  tunica  mus- 
cularis  is  prominent  the  elastic  fibers  attain  a  considerable  size. 
There  is  also  a  difference  in  their  development  in  carnivora  and 
herbivora.  In  general,  they  form  a  dense  network,  [jresent  not  only 
in  the  serous  layer,  but  also  in  the  submucosa  and  mucosa.  These 
fibers  preserve  the  elasticity  of  the  intestinal  walls  and  resist  any 
hypercxtension  of  the  glands  and  follicles. 

The  intestine  is  covered  externally  by  t!ie  peritoneum,  forming 
the  serous  coat,  which  consists  of  an  inner,  vcr)-  thin  connective - 
tissue  layer  (subserosa)  and  an  outer  layer  of  mesothelial  cells. 


Epithelial 
cell. 


2.  THE  STOMACH. 

The  general  structure  of  the  gastric  mucous  membrane  is  essen- 
tially the   same  as  that  of  the   intestinal    canal      It   consists  of  a 

relatively  coarse  adenoid  reticu- 
,  ^-^ —  lum,  the  spaces  of  which  contain 

lymphocytes  and  leucocytes,  and 
plasma  cells.  Thin  strands  or 
bundles  of  nonstriated  muscle 
cells  may  be  traced  from  the 
muscularis  mucosae  to  various 
levels  in  the  mucosa.  It  pre- 
sents depressions  or  inlbldings 
known  as  crypts  (fovcola!,  stom- 
ach-pits, gland  ducts)  into  which 
the  glands  open.  In  the  fundus 
the  cr>'pts  attain  a  depth  of  from 
one-fifth  to  one-sixth  the  thick- 
ness of  the  mucous  membrane. 
In  the  pylorus  they  are  deeper. 
many  of  them  here  extending 
through  half  the  mucous  membrane  and  some  even  reaching  to 
near  the  muscularis  mucosae.     The  epithelium  of  the  crypts  and 
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Fig.  207. — Epithelium  of  human  stom- 
ach, covering  the  f<ilil  "pf  mucosa  between 
two  gastric  crypls  ;    ,-,  700- 


THE  STOMACH    AKD   IXTESTIXE. 


267 


that  of  the  folds  betv^-een  them  is  composed  of  long,  slender  cells, 
with  basally  situated  nuclei.  That  portion  of  the  cell-body  near 
its  free  margin  contains  vcr\'  little  protoplasm,  but  presents  a  well- 
developed  mucous  plug  or  theca.  occup)nng  the  outer  one-fourth  or 
one-third  of  the  cell ;  the  region  of  the  cell  containing  the  nucleus 
possesses  more  protoplasm.  This  part  of  the  cell  extends  down- 
ward  in   a  curved  process  of  diminishing  size,  which  assumes  a 

position  parallel  to  the  cor- 
responding parts  of  the 
neighboring  cells,  and 
nearly  parallel  to  the  base- 
ment membrane- 
Three  .\arieties  of 
glands  occur  in  the  stom- 
ach: (i)  Cardiac  glands; 
(2)  fundus  glands ;  (3)  py- 
loric glands. 


and  ncrls 
of  l^aiKls. 


M  f' 


fti.S? 


>  Bodicsofeas- 
tric  elands. 


.  y  FunJdS. 


i-fi^b 


l^.    ...^..  '^-rtjcal    sectirwi    through 

fvadtts  ot  hunui  ■    60 :  a  and  ^.  later- 

Udng  fiben  of  "  aru  zaticome;   from  a 

and   6   rnoscaiar   tiber>  t-tiier  the  mucosa.     The 
fibers  of  ihc  layer  6  peoetrate  those  at  layer  a. 


Fig.  aoQ. — A  aumber  of  fundus 
glaod.s  Ifrom  the  fundus  of  the  stuoi- 
ach  of  youog  dog,  itaioed  after  the 
cbrome-silver  method,  sbowtng  the 
^stem  of  fixte  canals  aanoonding 
the  parietal  cells  and  communical- 
iog  with  the  hunen  of  the  glands. 


I.  The  car Jmc  ^/ands  have  recently  been  subjected  to  careful 
investigation  by  Bensley;  his  account  is  here  followed.  They 
occur  in  the  region  of  the  junction  of  the  esophagus  and  stomach, 
occupying  a  zone  varjnng  somewhat  in  widtli,  but  may  be  as  wide 
as  4.3  cm.  The  glands  are  of  the  t>'pe  of  branched  tubulo-alveolar 
glands.  The  tubules  and  alveoli  are  not  of  uniform  structure. 
The  majority  of  the  lining  cells  are  mucus  secreting  cells,  and 
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may  be  recognized  as  such  in  suitably  stained  preparations,  cells 
witli  zymogen  granules,  similar  to  the  chief  cells  of  the  body  of  the 
fundus  glands  (see  these),  are  also  found,  as  also  the  parietal  cells, 
as  found  in  the  latter  glands.  The  cardiac  glands  may  be  regarded 
as  decadent  structures. 

2.  The  fundus  ^^lands  (peptic  glands)  consist  of  a  crj'pt  or 
foveola,  into  which  empty  three  to  five,  or  even  more,  unbranched 
and  branched  tubules,  which  often  show  irregular  terminal  enlarge- 
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ments.  The  tubules  vary  in  length,  measuring  from  0.4  to  2.2 
mm.  The  upper  end  of  a  fundus  tubule  is  s!ightl>'  narrower  and 
presents  structurai  peculiarities,  and  is  known  a.s  the  neck  of  the 
gland.  The  main  portion  of  tiic  gland  is  called  its  body,  and  the 
region  at  its  <listal  bh'nd  end  the   fundus. 

The  fundus  glands,  as  their  name  siigge.sts,  arc  found  in  the  fundus 
or  cardiac  end  (>^  the  stomach,  and  are  lined  by  two  kinds  of  cells  : 
parietal  (border  cells,  add,  t)xyntic,  or  dclomorphous  cells — R. 
Heidenhain,69:  Rollct,  70)  and  cliicf.  central.  i>eptic,  or  adclomor- 
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phoys  cells.  The  parietal  cells  He  against  the  walls  of  the  gland — that 
is,  they  rest  on  its  basement  membrane — and  are  particular])'  numer- 
ous in  the  neck  and  body  ol  the  gland,  but  not  so  numerous  in  its  fun- 
dus. Their  bodies  often  extend  more  or  less  beyond  the  even  line 
of  the  remaininor  cells,  thus  forminj;.  together  with  the  membrana 
propria,  a  protuberance  (particularly  noticeable  in  the  pig,  where 
almost  the  entire  cell  may  be  enveloped  by  the  basement  membrane, 
giving  it  an  appearance  of  being  entirely  extraglandular).  Toward 
the  lumen  of  the  gland  the  contour  of  these  cells  is  modified  by 
pressure  on  the  part  of  the  adjacent  cells  belonging  to  the  other 
variety,  and  they  arc  indented  according  to  the  number  of  the  latter. 
Occasionally,  a  process  is  seen  extending  from  a  parietal  cell  to  the 
lumen  of  the  gland.  The  parietal  cells  are  larger  than  the  cells  of 
the  other  variety  and  richer  in  protoplasm  ;  they  are  of  an  irregular 
oval  or  triangular  shape  and  possess,  as  a  rule,  a  single  nucleus, 
although  in  man  numerous  parietal  cells  with  two  nuclei  arc  found. 
The  parietal  cells  are  clearer  in  fresh  preparations  than  are  the  ciiief 
cells,  while  in  fixed  preparations  the  reverse  is  generally  the  case. 
They  stain  deeply  in  Heidenhain's  iron-lac-hematoxylin,  are  dark- 
ened by  osmic  acid,  and  show  an  affinity  for  acid  stains,  especially 
for  eosio.  alsu  for  congo-red  and  for  neutral  carmine  solutions. 

According  to  Erik  Mijller  and  Golgi  (93),  there  exists  in  the 
peripheral  protoplasm  of  each  parietal  cell  a  system  of  canals  in 
the  form  of  a  network  communicating  with  the  lumen  of  the  gland 
and  varying  in  structure  according  to  the  physiologic  condition  of 
the  cell — wide-meshed  in  a  state  of  hunger  and  fine-meshed  during 
digestion,  A  peripheral  zone  difTering  from  the  rest  of  the  cell- 
body  may  occasionally  be  demonstrated  in  the  parietal  cells  (mouse) 
by  using  the  method  of  von  Altmann. 

The  chief  cells  arc  short,  irregular,  columnar  structures  who.se 
narrower  purtions  point  toward  the  lumen  of  the  gland.  The>'  are 
situated  cither  directly  between  the  lumen  and  the  basement  mem- 
brane of  the  gland,  or  their  basilar  surfaces  border  on  a  deloEtior- 
phous  cell.  They  are  found  througliout  the  tubule  of  the  gland 
and  occupy  the  spaces  between  the  delomorphous  cells.  The  chief 
cells  of  the  fundus  glands  arc  of  two  varieties,  as  has  been  shown 
by  Bcnsley.  The  chief  cells  of  the  body  of  the  gland  are  charac- 
terized by  the  possession  of  relatively  large  zymogen  granules, 
which  are  found  in  the  inner  portion  of  the  cells.  These  granules 
are  used  up  during  secretion.  The  outer  or  ba.sal  portion  of  the 
cells  contains  a  prozymogen,  not  in  granular  form  but  recognized  by 
its  staining  reaction.  The  chief  cells  of  the  neck  are  slightly 
smaller  than  those  of  the  body,  and  differ  from  these  in  that  they 
do  not  possess  zymogen  granules  and  prozymogen  only  in  small 
amounts,  but  .show  by  their  reaction  to  certain  stains  that  the\'  are 
mucus-secreting  cells. 

The  structure  of  the  pyloric  region  of  the  stomach  differs  in 
some   respects  from  that  of  the  cardiac  end  and  fundus.     There 


«Ktioo  through  bumao  pjrlorus ;  X  >l>cnit  60. 

t:*^^  \*j^y«Wii  pyloic  glands  are  found  glands  which  show 

The  most  importint  feature  is  that  in  the 

•^tubules  only  a  single  variety  of  cell   is  pres- 

Aftd     (Only  here  and  there  are  found  parietal 

Mtls  of  the  human  stomach.)     These  cells 

.  the  chief  celts  of  the  neck  regions  of  the 

it  they  show  no  zymogen  granules,  and  prozy- 

.  V  ui  quantity,  and  on  staining  with  si>ecial  stains,  it 

•JvAt  their  seca'tion  is  mucus.     They  are  of  colum- 

.  lit,  tmi  moi*  uniformly  so  than  the  chief  cells  of  the  fundus 
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glands — a  condition  [jrobably  due  to  the  general  absence  of  delo- 
morphous  celb.  In  tlie  immediate  vicinity  of  the  gastro  duodena  I 
valve  the  pyloric  glands  become  shorter,  and  other  glands,  which 
extend  into  the  submucosa,  and  which  are  identical  in  structure 
with  the  glands  of  Brunncr  in  the  duodenum,  make  their  appear- 
ance. In  this  portion  of  the  pylorus  are  also  a  few  scattered  villi, 
which  from  their  structure  may  be  considered  as  belonging  to  the 
duodenum  (r'ji:/.  Fig.  218). 

In  the  normal  condition  the  mucosa  of  the  stomach  contains 
solitary  lymph-nodules  (lenticular  glands)  in  the  fundus  region ; 
they  are,  however,  more  frequent  in  the  pyloric  region  ;  well-defined 
lymph-nodules  are  constantly  present  in  the  immediate  vicinity 
of  the  pylorus. 

The  muscularis  mucosae  is  usually  composed  of  three  layers, 
the  fibers  of  the  individual  layers  forming  distinct  interlacing  bun- 
dles. Individual  muscle-fibers  very  frequently  branch  off  from  the 
inner  layer,  assume  a  vertical  position  and  disappear  among  the 
glands.  This  arrangement  is  especially  well  seen  in  the  muscularis 
mucoszE  of  the  fundus  of  the  stomach  (Fig.  208). 

Only  the  inner  and  middle  layers  of  the  muscular  coat  of  the 
stomach  enter  into  the 
formation  of  the  sphinc- 
ter pylori  (Fig.  218). 
The  fibers  of  the  outer 
layer,  liowever,  pene- 
trate through  the  sphinc- 
ter p\'lori  and  may  even 
be  traced  into  the  sub- 
mucosa. When  these 
alone  contract,  the  mus- 
cular bundles  of  the 
sphincter  act  somewhat 
as  pulleys,  and  a  mod- 
erate dilatation  of  the 
lumen  of  the  pylorus 
is  the  result  ( dilatator 
pylori,  Rijdinger.  97 ). 
(For  further  particulars  about  the  stomach,  compare  Oppcl,  96.) 

The  changes  which  the  epithelium  and  the  secretory  cells  of  the 
stomach  undergo  during  secretion  are  of  special  importance.  These 
relations  have  been  carefully  studied  in  animals  by  R.  Heidenhain 
(83).  As  far  as  our  present  knowledge  goes,  it  would  seem  that  the 
same  processes  also  occur  in  man.  In  a  state  of  hunger  the  chief 
cells  of  the  fundus  are  large  and  contain  numerous  zymogen  gran- 
ules, while  the  parietal  cells  arc  small;  in  certain  cases  the  parietal 
cells  abandon  their  mural  position  and,  hke  the  chief  cells,  border 
upon  the  lumen  of  the  gland.  During  the  firi^t  few  hours  of  diges- 
tion the  chief  cells  remain  large,  while  the  parietal  cells  increa.se  in 
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Fig.  212. — From  sccUon  through  human  pylorus; 
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whHe  tbe  Bodei  return  to  the  center  of  the  cells.  Since  chemic 
eafiMOiaatkMi  has  shown  that  the  amount  of  pepsin  found  in  the  gas- 
tiic  laccons  membrane  increases  with  the  enlargement  of  the  chief 
cells  of  the  body  of  the  fundus  glands,  and  decreases  with  their 
iBll— i<i  III  in  size,  there  can  be  hardly  any  doubt  that  this  ferment 
i»  dWbocalcd  by  these  cells.  It  is  assumed  that  the  parietal  cells 
w.i.i<.ftL  the  acid  of  the  gastric  juice,  although,  in  spite  of  all  eflbrts. 
it  has  not  yet  been  definitely  proved  tiiat  these  cells  possess  an  acid 
leactwo. 

The  vascular  and  l}'mph -vessels  of  the  stomach,  and  aJso  its 
nerve  supply,  will  be  considered  in  a  general  discussion  of  these 
Structures  pertaining  to  the  entire  intestinal  canaJ. 


3.  THE  SMALL  INTESTINE. 

The  mucous  membrane  of  the  small  intestine  is  characterized 
hlf  the  presence  of  f/'///.  The  villi  var\'  in  size  and  shape  in  the 
difiercnt  mammals.  In  man,  in  the  upper  portion  of  the  small  in- 
lestnfee.  ihcy  are  distinctly  leaf-shaped,  being  three  to  four  times  as 
tfoad  in  one  direction  as  they  are  in  the  other,  often  showing  a 
ttJLrrv>mng  at  their  bases.  This  has  been  shown  by  reconstruction 
oi"  '^sa  and  a  number  of  villi  from  the  duodenal  region  of 

a  >vrved  human  intestine.      The  villi  are  of  columnar  shape 

ij)  t  .nnum.  and  club-shaped  in  the  ileum.  The  mucous  mem- 
biraijv  a^>o  forms  permanent  folds  in  both  the  duodenum  and  the 
lefiiuimkr  of  tlie  small  intestine,  tiie  valvular  conniventes  (Kcrk- 
riugV  I'pon  these  the  villi  rest,  and,  indeed,  it  is  probable  that  the 
\"rf>'  existence  of  the  plicae  is  due  to  the  blending  of  the  basilar 
ends  oi  the  villi. 

Tlw  epithelium  of  tlie  intestinal  mucous  membrane  covers  tlie 
viUM  in  a  continuous  layer,  and  penetrates  into  the  mucosa  to  form 
th  ->       Its  structure  is  essentially  the  same  in  all  regions  of 

llu  iitestine,  the  cells  being  of  the  high  columnar  variety  with 

tree  surlaccs  covered  by  wide,  striated  cuticular  borders.  The 
bdsiUr  portions  of  these  cuticular  borders  are  nearly  always  homo- 
geneous, and  upon  vertical  section  give  the  appearance  of  a  fine  line. 
The  ctiticular  borders  of  adjacent  cells  blend  with  each  other,  form- 
injj  a  continuous  membrane,  large  areas  of  which  may  be  detached 
fn>m  the  villi  (cuticula).  The  body  of  the  cell  consists  of  a  fine 
ftbnitar  structure  (spongiopiasm)  with  the  main  threads  parallel  to 
long  axis  of  the  cell.  This  is  more  distinct  in  the  free  portions  of 
ihe  cell.  In  the  interfibrillar  .substance  are  found  fine  granules. 
The  nuclei  lie  usually  in  the  basilar  third  of  the  cells,  and  only 
where  they  show  mitoses,  as,  for  instance,  in  the  tubular  intestinal 
glands,  do  the>'  pass  to  the  free  ends  of  the  cells.  The  basal  ends 
of  the  epithelial  cells  in  the  small  intestine  are  also  seen  to  be 
pointed,  and  tiie  probability  is  that  they  rest  upon  the  basement 
membrane.      The  question  has,  however,  not  been  fully  settled. 
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The  epithdia]  cells  ufKier^o  a  special  metamorphosis,  after 
which,  by  an  increased  production  of  mucus,  they  change  into  gob- 
let cells.  From  recent  investigations  it  would  seem  that  any 
epithelial  cell,  whether  it  be  situated  upon  the  upper  surface  of  a 
villus  or  deep  dovm  in  one  of  the  tubules  of  the  intestinal  glands,  is 
capable  of  transformaoon  into  a  goblet  cell.  The  number  of  goblet 
cells  is  subject  to  great  \'ariation  :  they  are  found  singly  in  small 
numbers,  or  are  vcn*  numerous,  according  to  the  stage  of  digestion 
and  quanbty  of  food  in  the  intestine.  The  manner  in  which  an 
ordinar>'  epithelial  cell  changes  into  a  goblet  cell  is  verv^  easily 
explained  \!l  the  mechanical  action  on  the  cell  caused  by  an  accumu- 
lation of  secretion  be  taken  into  consideration.  As  the  secretion 
increases  in  quantit)'  the  upper  portion  of  the  cell  becomes  distended^ 
and  the  remains  of  the 
protoplasm,    together 

with    the    nucleus,    are  .^BK^.  ^r^'A^ 

pushed  toward  the  nar- 
row base  of  the  cell  ; 
the  cuticular  zone  is 
stretched,  bulges  into 
the  lumen  of  the  intes- 
tine, and  is  finally  perfor- 
ated, and  perhaps  even 
thrown  off  In  this  way 
the  cell  loses  its  mucous 
secretion,  collapses,  and 
then  appears  as  a  thin, 
almost  rod -like  struc- 
ture, with  a  long  nu- 
cleus. It  is  the  gener- 
ally accepted  theorj-  that 
such  an  empty  goblet 
cell  may  again  assume 
the  shape  of  an  ordinary 
epithelial  cell  and  repeat 
the  process  just  de- 
scribed. 

Leucoc\les  are  some- 
times found  witliin  the 
epithelial  cells,  but  more 
usually  between  them, 
and  according  to  Stohr 
(84,  8g,  94).  when  seen 
in  these  positions,  are 
in  the  act  of  migrating 

into  the  lumen  of  the  intestine.  That  some  of  these  cells  actually 
pa.ss  into  the  lumen  is  probably  true  ;  but  as  yet  no  leucoc)les  have 
ever  been  observed  in  the  cxjticula  itself,  and  neither  is  the  number 
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Fig.  216. — Section  throoeb  mucoos  membwne 
of  human  smalt  tnte*dne;  X  88.  At  a  is  a  col- 
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of  cclLs  found  in  the  lumen  of  tlie  intestine  proportionate  to  the  leuco- 
cytes present  in  the  epithelium.  Since  many  are  seen  in  the  cpithe- 
h*um  under<^oing^  karyokinetic  division,  it  is  more  probable  that  a 
part  of  them  actually  wander  into  the  epithelium  for  the  purpose  of 
division  (chemotaxis  ?),  only  to  return  to  the  mucosa  after  the  com- 
pletion of  the  process  (compare  p.  6 1 ). 

Into  the  spaces  between  the  villi  open  numerous  tubular  glands. 
These  are  seldom  branched,  and  are  known  as  Liebcrkuhn* s glands^ 
or  crypts.  Their  length  varies  from  320 /z  to  450 /i.  They  are 
regularly  arranged  in  a  continuous  ruw,  and  often  have  an  ampulla- 
like widening  of  their  iumina  extending  almost  to  the  muscularis 
mucosae,  but  never  quite  reaching  it.  They  are  uniformly  distrib- 
uted not  only  throughout  the  small  intestine^  but  also  throughout 
the  large  intestine  and  rectum.      The  cells  lining  the  crj'pts  of  the 

small  intestine  are  about 
one-half  as  long  as  those 
covering  the  viiJi ;  a  cuticu- 
lar  border  is  seen  on  the 
cells  lining  the  upper  part 
of  the  glands,  but  is  ab- 
sent in  the  cells  lining  the 
fundus  of  the  glands.  The 
cells  are  conical  \\\  shape, — 
a  condition  probably  due 
to  the  curvature  of  tlic 
glandular  wall, — the  base 
of  each  cone  lying  toward 
the  basement  membrane, 
the  ape.x  toward  the  lumen 
of  the  gland — a  condition 
opposite  to  that  found  in 
the  villi.  Numerous  goblet 
cells  are  also  present.  7  he\' 
vary  only  slightl>'  in  shajjc 
during  mucous  secretion, 
and  do  not,  as  in  the  villi, 
assume  the  form  uf  goblets 
with  distinct  |X'dicles.  Mito- 
ses arc  always  seen  in  the 
intestinal  glands,  especially 
in  ceils  which  do  not  con- 
tain mucin.  They  are 
readily  distinguished,  since 
the  nuclei  in  process  of  division,  as  we  have  seen,  lie  outside  of  the 
row  formed  by  the  remaining  nuclei.  The  plane  of  division  in 
these  cells  lies  horizontal  to  the  long  axis  of  the  gland,  so  that  an 
increase  in  the  number  of  cells  results  in  an  increase  in  the  area  of 
the  glandular  walls.     Mitoses  are  very  rarely  observed  in  the  cpi- 


M 


I  II' 

a  b       c        ii 

Fig.  217.  — Ix>ngitueii'nal  section  through  sum- 
TTiit  of  villus  from  human  small  inlestint; ;  •  900 
(Flt^ninilng's  solution  I  :  .\l  <i  is  the  tissue  of  the 
villus  axis;  <*,  epithelial  cells;  (y  goblet  cell;  </, 
cuticul&r  zone. 
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thelium  covering  the  villi.  If,  therefore,  any  cells  be  destroyed  on 
the  surface  of  the  villi,  it  must  be  assumed  that  tlie  loss  is  replaced 
by  new  elements  pushed  up  from  the  glands  below  (Bizzozero,  89, 
92,  I). 

In  the  fundus  ol  the  crj-pts  ol  Lieberkuhn  of  the  small  intes- 
tine are  also  found  a  variety  *>(  cells  first  described  by  Pancth,  and 
known  as  the  cells  of  Paneth.  These  cells  contain  granules  which 
stain  readily  in  eosin  and  in  iron-lac-hcmatox>'Ii[i,  and  are  no 
doubt  cells  which  contain  zymogen  granules,  cells  which  elaborate 
an  enzyme.  In  the  opossum  the  cells  of  Paneth  are  found  not 
only  in  the  crj'pts  but  also  in  epithelium  of  the  villi  intermixed 
with  the  columnar  cells  and  goblet  cells  (Sidney  Klein). 

The  entire  duodenum,  as  well  as  that  part  of  the  pylorus  in  the 
immediate  vicinity  of  the  pyloric  valve,  is  characterized  by  the 
presence  of  glan<Is  of  a  second  type.  In  the  duodenum  these  are 
seen  intermingled  with  the  glands  of  Lieberkuhn,  and  in  the  pylorus 
with  the  pyloric  glands.  These  glands.  Bntnni'/s  glands,  ha\'c  a 
diameter  of  from  0.5  to  i  mm.,  and  are  branched  tubulo-alvcolar 
glands,  with  tubules  provided  with  alveoli,  especially  along  tlicir 
lower  portions.  The  bodies  of  the  glands  are  situated  principally 
ill  the  subniucosa,  although  a  part  may  be  in  the  muco.sa.  In  the 
stomach  they  open  into  the  gastric  crj'pts,  in  the  intestine  cither  in- 
dependendy  between  the  villi,  or  into  the  glands  of  Lieberkuhn. 
Here  the  glantlular  cells  are  in  general  similar  to  those  of  the 
pyloric  glands,  although,  as  a  rule,  somewhat  smaller  than  the 
latter.  The  secretion  of  these  glands  is  mucus  (Hensley).  Just 
as  the  duodenal  glands  extend  into  the  stomach,  so  also  the  pyloric 
glands  of  the  latter  are  found  in  tiie  ujiper  portion  of  the  duodenum. 
Resides  short  villi,  there  are  alst>  present  in  the  duodenum  depres- 
sions of  the  mucous  membrane  analogous  to  the  gastric  crj'pts.  The 
glands  of  Lieberkuhn  begin  at  a  certain  distance  from  the  pj'lorus  ; 
at  first  they  arc  short,  and  do  not  attain  their  customar)'  length  until 
a  point  is  reached  at  which  the  pyloric  glands  extending  into  the 
duodenum  finally  disappear  (i'/(/.  Pig.  218).  It  is  therefore  obvious 
that  a  transition  zone  exists  between  pylorus  and  duodenum,  and 
that  a  distinct  boundary  line  can  not  be  drawn  between  the  two,  at 
least  so  far  as  the  mucous  membrane  is  concerned.  The  duodenal 
glands,  as  their  name  would  indicate,  are  present  only  in  the  du<>d- 
enum.  Between  the  jejunum  and  ileum  tliere  is  no  distinct  boundary, 
not  even  when  microscopically  examined.  The  differences  are  mostly 
of  a  quantitative  nature  ;  in  the  jejunum  the  valvule  conniventcs  are 
more  numerous  than  in  the  ileum,  and  the  villi  more  slender  and 
closer  together.  The  glands  of  Lieberkijhn  also  appear  to  be  more 
numerous  in  the  jejunum. 

The  mucosa  of  the  small  intestine  consists  of  reticular  adenoid 
tissue  containing  mononuclear  lymphocytes,  polymorphonuclear 
leucocytes,  and  leucocxtcs  with  granular  protoplasm.  It  sup- 
ports   the    glands    and    extends    into    the    villi    whose    axes    it 
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near  their  axes  arottndtbe  lacteal  VTSse}&    Tlie  coolnKXkMi  of  ^Mse 
fibers  causes  a  oootnctioo  of  tbe  emipe  \Sllus. 

Lyxnpb-oodules  are  dstribtttied  itiiniiglWHrt  tfie  wucoBai  of  tiic 
small  infrstine,  occurring  ertlwT  SHiply,  Jks  nuMlMy  folBcics^  op 
aggregated,  as  P^-er's  patcbes.  At  liie  poiNIs  vhm  tfaqr  occur, 
the  villi  are  absent  and  a  lateral  dispbceaient  of  tbe  giands  of 
Ucberkuhn  is  obscrvai.  The  l>-in|ilMiodak  is  usually  p^iiibnii  in 
shape.  The  thiooer  portioa  prv»cnxics  sooKmhat  in  tbe  dincctioQ 
of  tbe  lumen  of  tbe  intestine,  «1iile  tbe  tbkker  poctioo  extends 
outvard  to  the  muscularts  mucosae,  the  htlcr  bei^  fre<|oenitiy  nh> 
dented  or  cw^cn  pcrt'orated  if  the  l\*inqpb-ooduie$  be  marlcedly  devel- 
oped. Their  structure  is  sinixUr  to  that  of  tbe  lyn^4bUicIes  (see 
under  these),  and  consists  of  rcbcuiar  adenoid  tissue,  supporting 
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lymph-cells.  It  should  be  remembered  that  every  nodule  may 
possess  a  germ  center,  Peyer's  patches  are  collections  of  these 
lymph-follicles.  The  surface  of  the  nodule  presenting  toward 
the  lumen  of  the  intestine  is  covered  with  a  continuous  layer  of 
intestinal  epithelium.     In  man  the  summit  of  that  portion  of  the 


k  Intestinal  epltbeliam. 


—  Lumen  of  inland. 


—  Goblet  celL 


Mueoak 


.-     Mucosa, 

> —     Muscularis  mucoMei 
Fig.  220.— From  colon  of  man,  showing  glands  of  Lieberkiihii  ;    :<  200, 

nodule  projecting  into  the  lumen  of  the  intestine  presents  but  a 
slight  depression  of  the  intestinal  epithelium,  while  in  some  animals 
(guinea  -  pigs),  and  especially  in  the  nodules  composing  Peyer's 
patches,  there  is  a  deeper  depression,  even  leading  to  the  formation 
of  a  so-called  "  crj^pt "  or  "lacuna"  (vid.  Fig.  219).  At  the 
summit,  the  intestinal  epithelium  where  it  comes  in  contact  with 
the  lymph-nodule,  is  peculiarly  altered.  In  most  cases  there  is 
an  absence  of  a  ba.sement  membrane,  the  epithelium  resting 
directly  upon  the  lymphoid  tissue.  No  clearly  defined  boundary 
between  the  two  is  distinguishable  (intermediate  zone  of  v.  David- 
off);  they  are  therefore  in  the  closest  relationship  to  each  other. 
The  basal  suifaces  of  the  epithelial  cells  are  fibrillar,  the  fibrils 
seeming  to  penetrate  into  the  adenoid  reticulum  of  the  follicles. 
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4.  THE  LARGE  INTESTINE,  RECTUM,  AND  ANUS. 

The  small  intestine  ends  at  the  ileocecal  valve.  At  some  dis- 
tance from  the  margin  of  the  valve  the  villi  of  the  ileum  become 
broad  and  low.  In  the  immediate  vicinity  of  the  valve  their  basilar 
portions  become  confluent,  forming  a  honeycomb  structure  which 
supports  a  few  x'illi.  At  the  base  of  the  honeycomb  open  the  glands 
of  Lieberkijhn.  On  the  cecal  side  of  the  valve  the  villi  become 
fewer  in  number  and  finally  disappear,  while  the  folds  which  give 
the  honevcomb  appearance  persist  for  a  considerable  distance.     In 


Fig.    221. — Tmnsverse  section  of  human  vcTtnifumi  oppeiKlix;    y  20.     Observe  ihe 
nunierotis  lymph  n<xlules.     The  clear  spaces  in  the  submucosn  arc  adipose  tissue. 

the  adolt  cecum  the  villi  are  ab.sent.  The  mucosa  and  glands  pre- 
sent a  structure  similar  to  that  of  the  remainder  of  the  large  intes- 
tine. Ill  the  mucosa  of  the  vcrfttiform  appendix  is  found  a  relatively 
large  number  of  solitiry  lymph-folltcles,  occasionally  forming  a 
continuous  layer.  The  marked  development  of  the  lymph-follicles 
encroaches  upon  the  glands  of  IjeberWuhn,  so  that  many  are 
obliterated  ;  tlie\'  are  penetrated  by  the  adenoid  tis.suc.  the  epithe- 
lial cells  of  tiie  glands  mingling  with  the  lymph-cells.  What  finally 
becomes  of  the  secretor>'  cells  has  not  been  definitely  ascertained 
(Riitlinger,  91), 
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^^^/f^g^^gtS  Mik^  frm$i'iiMart's  cease  at  the  sigmoid  flexure. 
^Jl  Mt-  ml>r<  it  ift  tke  rectum  by  the  /t/irtr  transi'vrsaUs  recti. 
I^ijwnw>l'^'j'*ii^*'^*^  fc*lcls,  the  so-called  coiummr  nttaits  Mm'- 
j^P^i.4il»ttt«W*oilly  in  the  lower  portion  of  the  rectum.  Here  the 
JT^^jJ^  fl^MI^  W^  longest  but  disappear  simultaneously  with 
fkt-  fKml  COhWHr>t  Al  the  anus  the  mucous  membrane  of  the 
■i-t>Wi  MfH*  •  HMtow  ring  devoid  of  j^lands,  covered  by  stratified 
■iiiiiinrt  TP^^**""  ^^^  terminating  in  the  skin  in  an  irregular 
SII  TW  tWMwilion  from  the  mucous  membrane  to  the  skin  is 
\t»  ntuimlinfj  one  of  the  appearance  presented  at  the 
STg^^m  li  I^  with  the  cardiac  end  of  the  stomach. 

''"'VvK'i'.v,  •^.  ""^'hI  at  a  distance  of  about  one  centimeter 

»  nutiKfous  highly  developed  sweat-glands,  tht^  circuttt' 

.  <A  v^~  C»ay.  which  are  almost  as  large  as  the  axillary 
.».,,  J,  r'^s*  riv^tsit'gUnds  of  a  f>cculiar  tyi>e,  in  that  they  show  a 
^*'  .'  ..,  .^  ,o'  the  tubules  (see  Sweat-glands,  under  Skin). 
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5.  BLOOD,  LYRO>H,  AND  NERVE  SUPPLY  OF  THE  INTESTINE. 

In  general ,  the  following  holds  true  with  regard  to  the  blood- 
vessels of  the  intestinal  tract  (furtlier  details  will  be  discussed  in 
dealing  with  the  vessels  of  the  various  regions  of  the  intestine) : 
The  arteries  enter  along  the  Hne  of  the  mesenteric  attachment  and 
penetrate  the  longitudinal  muscular  layer.  Between  the  two  mus- 
cular layers  branches  are  given  off  which  form  an  intermuscular 
plexus,  from  which,  in  turn,  smaller  branches  pass  out  to  supply 
the  muscles  themselves.  The  arterial  trunks  penetrate  the  circu- 
lar muscular  layer  and  form  an  extensiv-e  network  of  larger 
vessels  in  the  deeper  layer  of  the  submucosa.  This  is  known 
as  Heller's  plexus  (F.  P.  Mall).     From  this,  radiating  branches  are 
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Fig.  223. — Sectioa  through  fundus  of  cmt's  stomach.     The  blood-vessels  are 

injected ;   X  60. 


given  ofir  which  supply  the  muscularis  mucosae,  forming  under 
the  latter  a  clcse  netw  urk  of  finer  vessels.  This  plexus,  together 
with  that  of  Heller,  gives  rise  to  vessels  which  penetrate  the  mus* 
cularis  mucosae  and  break  up  into  capillaries  in  the  mucous  mem- 
brane. The  veins  of  the  mucous  membrane  form  beneath  the 
muscularis  mucosae  a  plexus  with  small  meshes,  giving  off  many 
radiating  branches  ;  these  in  turn  unite  to  form  an  extensive  net- 
work of  coarser  vessels.  Veins  extend  from  the  latter  and  unite 
to  form  larger  trunks,  which  then  lie  side  by  side  with  tlie  arteries. 
According  to  F.  P.  Mall,  delicate  retia  mirabilia  occur  here  and 
there  in  the  venous  network  in  the  submucosa  of  the  intestine  of 
the  dog. 

In  the  esophagus  the  arteries  end  in  a  capillary  network  situated 
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l>c  lvmph-\*csscls  begin  in  the  mucosa  near  the  epitheliun 
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down  between  the  glands,  and  are  arranged  in  the  form  of  a  net- 
work just  above  the  miiscularis  mucosa:,  but  with  coarser  meshes 
than  that  formed  by  the  blood-vessels.  Here  the  valves  begin  to 
make  their  appearance.  The  lymph-vessels  pass  through  the  mus- 
cularis  mucosae  and  in  the  outer  portion  of  the  submucosa  form  a 
plexus  with  open  meshes,  from  which  are  derived  the  efferent  ves- 
sels which  penetrate  the  muscular  coat  and  thus  gain  access  to  the 
mesentery.  In  their  course  through  the  muscular  coat  they  com- 
municate with  the  branches  of  a  plexus  of  lymph-vessels  situated 
between  the  two  muscular  layers,  and  also  with  l}'mph- vessels  found 
in  the  serous  coat. 


Epithelium 
of  villus. 


Vein  of 
villus. 


Aiter>'  of 
villus. 


Gland   of    -- 
I.ieber- 
kuhn. 

Base  of    -/ 
villus. 


Artery. 


CeiilTalchyle- 

vt-ssel  of  vil- 
lus. 


-/■r'    t  hvle-vessel. 


tl 


*-   *  '  n    *  *.    *    * 


\v\T\. 


"fi^-  Mucosa. 

}•  Musculari* 
mucosae. 
---*  Submucosa. 

IMcxus  of 
<£—      lympli-%'e$- 

*els. 
-_      Circular  mus- 
cular layer. 
Plexus  of 
hnmh-ves- 

Long.  muse, 
bvcrwiththc 
serous  coal. 


Fig.  224. — Schematic  transverse  section  of  the  human  small  intestine  (after  F.  P.  Mall). 

The  lympliatics  of  the  small  intestine  begin  in  the  axes  of  the 
villi.  When  filled,  these  lymph-vessels  are  conspicuous,  irregularly 
cylindric  capillary  tubules,  lined  by  endothelial  cells,  and  known  as 
the  axial  canals,  the  clivlt'-vcssils,  or  ihe  lacrtals  of  the  villi.  They 
are  hardly  discernible  when  collapsed.  If  the  villus  be  broad,  it 
may  contain  two  chyle-vessels,  which  then  join  at  the  apex  of  the 
villus,  and  may  also  be  connected  with  each  other  by  a  few  anasto- 
moses. At  the  base  of  the  \'ilhisthe  chyle-vessel  enters  a  lymphatic 
capillary  network,  the  structure  of  which  is  due  to  the  confluence 
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of  siniilar  canals.  Numerous  lymph-vessels  from  this  network 
penetrate  the  mucous  membrane  in  a  vertical  direction,  uniting  at 
the  bases  of  the  intestinal  glands  to  form  a  second  plexus — sub- 
glandular  plexus  of  the  mucosa.  A  few  of  the  l}'mph-vessels  pene- 
trating the  mucous  membrane  directly  perforate  the  muscularis 
mucosae  to  join  the  lymphatic  network  of  the  submucosa.  The 
subglandular  plexus  also  communicates  with  the  submucous 
lymphatic  plexus  by  means  of  small  radiating  branches  {7'id.  Fig. 
224).  The  solitary  lymph-nodules  themselves  contain  no  lymphatic 
vessels,  but  are  encircled  at  their  peripher}'  by  a  network  of  lymph 
capillaries.  The  same  is  true  of  the  nodules  in  Peyer's  patches. 
It  is  an  interesting  fact  that  in  the  rabbit  lymph-sinuses  exist 
around  Peyer's  patches,  giving  to  the  latter  a  still  greater  similarity 
to  the  nodules  of  lymph-glands.     The  solitar)^  nodules  of  the  same 


Fig.  2^5. — A  portion  of  thr  plexus  of  Auerbach  from  stonuich  of  cat,  stained  with 
inclhylcne-blue  {intra  I'itam),  as  seen  under  low  magnification. 

animal  are   not  surrounded  by  the  sinuses  just  mentioned  (Stohr, 

94)- 

The  structures  of  the  alimentary'  canal  receive  their  inner\'ation 
mainly  from  sympathetic  neurones,  the  cell -bodies  of  which  are 
grouped  to  form  small  ganglia,  located  at  the  nodal  points  of  two 
plexuses,  one  of  which  is  situated  between  the  two  laj'crs  of  the 
muscular  coat,  the  other  in  the  submucosa.  These  two  plexuses 
are  found  in  the  entire  digestive  tract,  although  not  equally  well 
developed  in  its  dtflereot  regions.  The  outer  plexus,  the  more 
prominent  of  the  two,  situated  between  the  two  layers  of  the  muscu- 
lar coat,  is  known  as  the  pUxus  tnycntcncus,  or  the  pUxiis  of  Aucr- 
bach.  It  consists  of  innumerable  small  sympathetic  ganglia,  united 
by  small  bundles  of  nonmedullated  fibers,  containing  here  and  there 
a  much  smaller  number  of  meduilated  nerve-fibers.  The  cell-bodies 
of  the  sympathetic  neurones  of  this  plexus  are  grouped  to  form  the 
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of  fine  oenre-fibrils  surrouncfing  the  gastric  glands  of  the  cat, : 
of  thoe  fiirils  being  traced  through  the  basement  Membrane  of 
the  glands  and  to  and  between  the  gland-cetb,  mhctv  they  tcr* 
minated  in  dusters  of  sraall  noduks  00  both  the  chief  and  parielad 
oeQsw  Tbe  plexns  of  Meissocr  b  not  so  mrcU  dex^doped  in  the 
csopfaagns  as  m  tbe  remaining  portiofis  of  the  digestive  tract 

That  the  cell-bodies  of  voAtty  of  the  s\-mpa^tic  neurones  of 
Auerbach's  and  Meissner  s  plexuses  are  capable  of  being  stimulated 
hy  cerebrospinal  nerves  seems  certain  from  observatioiis  made  by 
Dogiel  (95).  who  has  showTi  that  many  small  medullaled  ncrve- 
ttxTS  wl^h  enter  the  digesti\-e  tract  through  the  mcsenlery  (small 
and  large  intestines)  terminate  after  repeated  di\*isaon  in  terminal 
end*baskets  which  surround  the  cell-bodies  of  many  of  the  s>-mp»> 
thetic  neurones  of  these  plexuses.     Similar  nerv«-fibers  ending  in 
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lymph-vessels.  On  examining  a  thick  section  of  the  liver  with  a 
low  power,  a  radiate  structure  of  the  lobule  is  noticeable,  and  an 
open  space  is  seen  in  its  center,  which  according  to  the  direction  of 
the  section,  is  eitlier  completely  surrounded  by  liver  tissue  or  con» 
nected  with  the  periphery  of  the  lobule  by  a  canal.  This  open 
space  represents  the  central  or  intralobular  vein  of  the  lobule  which 
belongs  to  the  system  of  the  inferior  vena  cava.  From  the  center 
of  the  lobule  toward  its  periphery  extend  numerous  radiating 
strands  of  cells,  which  branch  freely  and  anastomose  with  each 
otiier,  and  are  known  as  the  trabtculo!,  or  cords  of  hepatic  cells.  Be- 
tween the  latter  arc  small,  clear  spaces  occupied  partly  by  blood 
capillaries  and  partly  by  the  intralobular  connective  tissue.  The  above 
description  is  in  some  respects  not  a  true  statement  of  the  appear- 
ance presented  by  the  human  liver,  as  in  the  latter  one  or  more 
lobules  may  blend  with  each  other,  thus  rendering  the  individual 
lobules  less  distinct. 

The  hepatic  cards  consist  of  rows  of  hepatic  cells.     The  cells 
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Fig.  328. — Section  through  injected  liver  of  rabbit     The  bouDdaries  of  the  lobule* 
are  indistinct ;   X  about  35. 


are  usually  polyhedral  in  form,  with  surfaces  so  approximated  that 
a  cylindric  capillary'  space,  known  as  the  bile  capillary  remains  be- 
tween them.  The  angles  of  the  cells  also  show  grooves  which 
join  those  of  the  neighboring  cells  to  form  canals  in  which  lie  the 
blood  capillaries.  A  closer  examination  of  the  hepatic  cells  reveals 
the  fact  that  they  possess  no  distinct  membrane,  and,  in  a  resting 
state,  usually  contain  a  single  nucleus,  although  some  possess  two. 
It  is  an  interesting  fact  that  nearly  all  the  hepatic  cells  of  some 
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animals — as,  for  instance,  the  rabbit — contain  two  nuclei.  The 
cell-bodies  of  the  hepatic  cells,  which  average  from  ]Sf£  to  267/  in 
diameter,  show  a  diflcrentiation  into  protoplasm  and  paraplasm. 
This  is  especially  manifest  in  a  state  of  hunger.  In  this  condition 
it  is  seen  that  the  network  of  protoplasm  around  the  nucleus  is  un- 
usually dense,  and  becomes  looser  in  arrangement  as  it  extends 
toward  the  periphery'  of  the  cclUbody.  The  paraplasm  is  slightly 
granular,  and  contains  glycogen  and  bile  drops  during  the  func- 
tional activity  of  the  cell  (secretion  vacuoles).  The  vacuoles  in  the 
paraplasm  play  an  important  part  in  the  secretion  of  the  cell,  and  are 
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Fig,  329. — Human  bile  capillaries.  The  capillaries  of  one  lobule  ore  seen  to  anjis- 
tomose  with  those  of  ihe  adjoining  lobule  (below,  in  the  figure)  ;  X  1 1**  (chrome  silver 
method). 
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Fig.  230. — ^Hiiman  bile  capillaries  as  seen  in  section  ;  X  480  (chrome-silver  tnethod). 


due  to  the  confluence  of  minute  drops  of  bile  into  a  large  globule. 
As  soon  as  the  vacuole  has  attained  a  certain  size  it  tends  to  empty 
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Its 


contents  into  the  bile  capillarv-  through  a  small  tubule  connect- 
infj  the  vacuole  with  the  bile  capillary  (Kiipffer,  73,  89). 

The  bile  capiliarits  are,  as  we  have  remarked,  nothinj^  but  tubu- 
lar, capillary  spaces  between  the  hepatic  cells,  with  no  distinct  indi- 
vidual walls,  although  the  outer  portions  of  the  liver  cells  (exo- 
plasm)  are  somewhat  denser  than  the  remainder  ol"  the  cells, 
and  serve  to  form  a  wall  for  the  bile-capillaries.  They  may  be 
compared  to  the  lumen  of  a  tubular  inland,  although  in  the 
human  liver  their  walls  consist  of  only  two  rows  of  hci)atic 
cells.  In  the  lower  vertebrates  the  walls  of  the  bile  capillaries 
appear  in  transverse  section  to  consist  of  several  cells  (in  the 
frog  generally  three,  in  the  viper  as  many  as  five).  The  bile 
capillaries  naturall)'  follow  the  course  of  the  hepatic  cords — /.  e.^ 
in  man  extending  radially.  They  form  networks,  the  meshes  of 
which  correspond  to  the  size  of  the  hepatic  cells.  At  the  peripliery 
of  the  lobule  the  liepatic  cells  pass  directly  over  into  the  epithelial 
cells  of  the  smaller  interlobular  bile-ducts.  The  epithelium  of  the 
latter  is  of  the  cubical  variety,  its  cells  being  considerably  smaller  than 
the  hepatic  cells.  .  At  the  point 
where  the  hepatic  cells  become 
continuous  with  the  walls  of  the 
smaller  passages  we  find  a  few 
cells  of  gradually  decreasing  size 
which  represent  a  transition  stage 
from  the  cells  of  the  bile  capil- 


j^^  kX    **"« "'p"'*"**- 


Kig,  231 — Schematic  diagram  ot  he- 
patic cord  in  iransverac  section.  Al  ihe 
left  the  bile  capillary  is  formed  by  four  cclLs 
at  the  right  by  two ;  the  latter  type  occurs 
in  the  human  adulu 


Fig.  231. — FfDin  the  human  liver, 
showing  the  beginning  uf  the  bile-ducLs; 
X  90  (chrome-silver). 


larics  (hepatic  cells)  to  tho.se  of  the  interlobular  bile  passages. 

The  vascular  system  of  the  liver  is  peculiar  in  that,  besides 
the  usual  arterial  and  venous  vessels  comn^on  to  all  organs, 
there  is  found  another  large  aflfercnt  vein — the  portal  vein.  It 
arises  from  a  confluence  o{  the  su|)erior  and  inferior  mesenteric, 
the  splenic,  coronary  veins  from  the  stomach,  and  cystic  veins. 
It  divides  into  two  branches,  the  right  supplying  the  right  lobe  of 
the  liver,  the  left  the  remaining  lobes.  These  brandies  again  divide 
into  numerous  smaller  branches,  the  smallest  of  which  finally  reach 
the  individual  lobules.     Along  its  whole  course  through  tht  inter- 
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lobular  connective  tissue  the  portal  vein  and  its  branches  are  accom- 
panied by  divisions  of  the  hepatic  artery  and  bile  passages.  In  a 
transverse  section  of  the  liver  the  arrangement  of  these  structures 
in  tlio  interlobular  tissue  is  such  that  the  cross-sections  of  the  vessels 
belonging  to  the  hepatic  vein  are  seen  to  be  at  some  distance  from 
the  closely  approximated  branches  of  the  portal  vein  and  bile  pas- 
sages. Branches  of  the  portal  vein  encircle  the  liver  lobules  at 
different  points,  and  while  the\'  remain  within  the  interlobular  con- 
nective tissue,  arc  known  as  interlobular  veins.  From  these,  small 
offshoots  arc  given  off  to  the  lobules  which,  on  entering,  divide  into 
capillaries  and  form  a  closely  reticulated  network  between  the 
hepatic  cords.  The  meshes  of  this  network  are  about  as  large 
as  an  hepatic  cell,  each  jcell  coming  in  repeated  contact  with  the 
blood  capillaries.  All  of  these  capillnries  pass  toward  the  central 
or  intralobular  vein  of  the  lobule,  which  during  its  efferent  pas.sage 
through  the  lobule  continues  to  receive  capillaries  from  the  portal 
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Fig.  233. — Injected  blood-vessels  in  liver  lobule  of  rabbit ;  X  '00. 


system.  The  intralobular  veins  unite  to  form  the  sublobular  veins, 
situated  in  the  interlobular  connective  tissue,  and  these  unite  to  form 
the  larger  hepatic  veins  which  empt\^  into  the  inferior  vena  cava. 
The  hepatic  artery  is  of  much  smaller  size  than  the  portal  vein.  It 
is  distributed  in  the  main  to  the  connective  tissue  of  the  liver  and 
to  the  bile-ducts,  breaking  up  into  branches  which  are  situated 
in  the  interlobular  connective  tissue.  The  terminal  capillaries 
form    small    venules    which    communicate    with    the    interlobular 
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m)  of  dog's  liver;  X  l^o  (gold-chlorid  mellnod). 

TKt,  lM9ive>'er,  do  not  come  in  contact  with  the 

'  separated   by  at  least  half  the  breadth  of  a 

^Mih  in  which  the  bile  capillaries  are  bounded 

^^  5%v  <«Us»  ihc  blood-vessels  extend  alon^;  the  outer 

^  VfsAC  cdls ;  here  the  bile  and  blood  capillaries  are 

or  by  the  breadth  of  a  whole  cell. 
^,^,^.,  u>nuc  within  the  hepatic  lobules  presents  points 
tt^X  hi^wevcr,  arc  not  demonstrable  in  organs  treated 
^     avdKxb.     Hut  when  the   liver  tissue  is  treated  by  a 
^  -^  cvi^  ^eAod  (sec  page  307).  an  astounding  number  of  fibers 
.mwiinj:  in  regular  arran<,'cmcnt  from  the  peripher\'  toward 
xtisL     These  filx-rs  arc  extremely  delicate,  of  nearly 
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equal  size,  and  intermingle  in  such  a  manner  as  to  form  an  envel- 
oping network  about  the  blood  capillaries  (Gitterfasern  ;  Kupfler ; 
Oppel,  91  ;  vid.  Fig.  235).  A  few  coarser  fibers  (radiate  fibers, 
Kupffer,  Ji)  seem  to  enter  in  a  less  degree  into  the  formation  of  the 
sheath  around  the  blood  capillaries  ;  they  also  extend  from  the 
periphery  toward  the  center  of  the  lobule  and  form  a  coarse  reticu- 
lum, the  meshes  of  which  are  drawn  out  radially.  The  radiate 
fibers  are  less  prominent  in  man,  but  are  numerous  and  well  devel- 
oped in  animals  (rat,  dog).  With  what  exuberance  the  intralobular 
connective  tissue  may  develop,  is  seen  in  the  accompanying  sketch 
of  a  sturgeon's  liver,  which  is  taken  from  one  of  Kupffer' s  prcpara- 


Comieetlve-tissue 
fibers. 


^^viv^ 


rig.  236.— Connective  tissue  from  liver  of  sturgeon.    At  a  is  an  open  space  from  which 
the  hepatic  cells  were  meclmnicfllly  removed  during  trealmeut. 

tions.  The  Gitterfasem  of  Kupffer  are,  as  has  been  shown  by  F. 
P.  Mall,  reticular  fibrils,  presenting  the  same  characteristics  as  similar 
fibrils  found  in  other  regions. 

Certain  peculiar  celLs — the  so-called  stcilak  ceils  of  Kupffer 
(76) — occur  in  the  lobule,  and  are  seen  only  after  a  special 
method  of  treatment.  They  are  uniformly  distributed,  of  differ- 
ent shapes,  elongated,  and  end  in  two  or  three  pointed  projec- 
tions. They  are  smaller  than  the  hepatic  cells,  and  contain  one  or 
two  nuclei. 

In  a  recent  communication  Kupffer  (99)  states  that  the  stellate 
cells  belong  to  the  endothelium  of  the  intralobular  capillaries  of  the 
portal  vein.  These  capillaries,  which  are,  according  to  their  devel- 
opment, sinusoids  (iMinot),  form  in  all  probability  a  syncytial 
lining  (Kupffer)  consisting  of  thin  continuous  lamella?,  the  proto- 
plasm appearing  as  a  network  of  threads,  with  nucleated  masses 
of  protoplasm  at  notlal  points  of  this  network.  In  places  where 
this  protoplasm  is  present  in  larger  quantity  and  contains  round  or 
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oval  nuclei  it  is  more  readily  brought  out  with  special  stains,  and 
appears  in  sucli  preparations  in  the  form  of  structures  to  which  the 
name  stellate  cells  has  been  given.  In  such  cells  blood  corpuscles 
and  fragments  of  such  were  often  found.  The  endothelium  of  these 
capillaries  possesses,  therefore,  a  phai^ocytic  function,  taking  up  par- 
ticles of  foreign  matter,  blood-corpuscles,  etc. 

The  clTcrcnt  ducts  of  the  liver,  the  NU-iimts,  are  lined  by  col- 
umnar epithelium^  vanning  in  height  in  direct  proportion  to  the  cal- 
iber of  the  passage.  The  smallest  ducts  possess  a  low,  the  medium 
sized  a  cubical,  and  the  larger  a  columnar  epithelium.  The  smaller 
bile-ducts  have  no  clearly  ilcfined  external  walls  other  than  the 
mcnibrana  propria  ;  the  larger  ones,  on  the  other  hand,  possess  a 
connective-tissue  sheath  which  may  even  present  two  layers  in  the 
larger    passages.      Unstripcd  muscular  fibers  occur  in  the   large 
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Fig.  237. — From  preparalion  from  the  liver  ol  a  libbit,  showing  ihe  so-caUed  stellate 
ctUs  of  K.ii[)ffer  :  (i,  Stellate  cells;  b,  liver  cells. 


ducts,  and  also  small  mucous  glands.  The  gall-bladder  consists 
of  a  mucous,  fibro-niuscuiar,  and,  where  covered  by  the  peritoneum, 
of  a  subserous  and  serous  coats,  as  has  recently  been  shown 
by  .Sudler,  whose  account  is  here  followed. 

The  mucous  coat  is  covered  by  a  single  layer  of  columnar  epi- 
thelium, with  nuclei  situated  in  the  b^Lsal  portions  of  the  cells.  The 
epithelial  clIIs  re.st  on  a  poorly  developed  muscularis  mucos«x\  The 
mucosa  presents  folds,  covering  ridges  of  coimective  tissue  of  the 
fibrti-muscular  layer,  and  contains  small  lymph-nodulcs,  and  a 
varying  number  of  small  mucous  glands.  The  fibro-muscular 
layer  consists  of  interlacing  bands  of  non.striated  muscle  and 
fihroufl  connective  tissue,  and  is  not  arranged  in  distinct  layers. 
The  .-subserous  and  serous  coats  present  the  same  appearance  as  in 
other  rc<^ions  of  the  peritoneum.  The  artery  or  arteries  going  to 
the  gall-hladilcr  divifle  into  branches  which  form  capillaries  in  the 
mucosa  under  the  epithelium;    these  arc  most  numerous  in  the 
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folds  above  mentioned.  The  lymphatics  form  a  subserous  and 
submucous  plexus. 

The  lytnphtUics  accompany  the  portal  vein  and  hepatic  artery, 
also  the  branches  of  the  hepatic  vein  (Wittich).  They  furm  a  net- 
work in  the  interiobular  connective  tissue.  The  lymphatics  form 
further  a  superficial  network  in  subserous  layer  of  the  peritoneum. 
The  superficial  lymphatics  and  the  lymphatics  accompanying  the 
vessels  are  in  communication. 

Within  the  lobules,  the  lymphatics  occur  as  perivascular  spaces, 
as  was  first  shown  by  MacGillavry.  F.  P.  Mall,  who  has  recently 
studied  tiie  ori^nn  of  the  lymphatics  in  the  liver,  summarizes  his 
results  as  follows  :  The  lymphatics  oi  the  hver  arise  from  pt.ri' 
lobular  lymph-spaces,  and  these  communicate  directly  with  peri- 
vascular lympli-spaccs ;  the  lymph  readies  these  spaces  by  a  process 
of  filtration  through  openings  which  are  normally  present  in  the 
capillary  walls  of  the  liver. 


Intcrlnhnlar  con- 
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Fig.  2j8.  —  Part  of  a  section  through  liver  lobule  from  dog,  showing  stellate  cells; 

X  16S. 


Berkley  (94)  has  described  several  divisions  of  the  intrinsic  nerves 
of  the  hver,  all  connected  and  morphologically  alike.  These  neries 
are  no  doubt  the  netiraxes  of  s\'mpathetic  neurones,  the  cell-bndics 
of  which  are  located  in  ganglia  outside  of  this  organ.  No  niedul- 
lated  fibers  were  found  by  him.  although  it  seems  probable  that  the 
nerve-fibrils  terminating  between  the  cells  of  the  bile-ducts  (see  be- 
low) are  terminal  branches  of  sensor^'  nerve-fibers.  The  nerves  of 
the  liver  accompan\-  the  portal  vessels,  the  hepatic  arteries,  and  the 
bile-ducts.  The  first  division  of  the  nerves,  embracing  the  larger 
number  of  the  intrinsic  hepatic  nerves,  accompany  the  branches 
of  the  portal  vessels,  form  plexuses  about  them,  and  end  in  inter- 
lobular and  intralobular  ramifications,  the  !atter  showing  here  and 
there  knob-like  terminations  on  the  liver-cells,  and,  in  their  course, 
give  off  here  and  there  branches  which  end  on  the  portal  vessels. 
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E.  THE  PANCREAS* 

V.  .  V   ..vr.  the  juncrcas  is  an  accessory  intestinal  gland,  and 

..  \x  .'.^  ,;  .  :\vT:iculum  of  the  intestine.     It  remains  in  perma- 

^  "■    ./   ^.  r.,\;::.^n  with  the  intestine  by  means  of  its  duct — the 

,n:    .\':'s:i»tC'<f'f  diut.     The  pancreas  is  composed  of 

^    .  ^    "x-A^scopic    lobules,  surrounded    by  connective    tissue 

.  '  V  *     V  'i'l  .»:t*^   '"^^^^  ^'^  lobules  and  between   the  alveoli   and 

.•,\\'  "a;  *;ovi   by  vessels   and    nerves.     The   secretory  portion 

V   .'^ -i".  >»'KV  l>e  regarded  as  a  compound,  branched  alveo- 

V.      .  Jk  X   ti^c    general    structure    of    which    is   shown    in    V\^. 

\  ^s/"-,:v  V.xvoli    forming   the   principal    portion    of    the    gland. 

"*v    Avt'.v'i.il    walls   of    the    alveoli    consist    of    a    number   of 

xv\  v:,v\    oolls.   whose  appearance  varies  according    to  the  func- 

•  V  ;\1;'  >taU'  or"  the  organ.     The  basilar  portions  of  the  cells  present 
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a  homogeneous  protoplasm,  while  those  parts  of  the  cells  border- 
ing upon  the  lumen  are  granular.     The  relation  of  these  zones  to 


>  Nucleus  and 
outer  zune» 


.  Imier  granu- 
lar zone. 


Fig-  239- — Transverse  section  through  alveolus  of  frog's  pancreas. 

each  other  depends  upon  the  physiologic  condition  of  the  gland ; 
during  starvation  the  internal  or  granular  zone  is  wide  and  promi- 
nent ;  after  moderate  secretion  the  cells  become  as  a  whole  some- 
what smaller,  the  granules  decrease  in  number,  and  the  outer  or 
protoplasmic  zone  increases  in  size.  After  prolonged  secretion 
there  is  an  entire  absence  of  the  granules,  and  the  whole  cell  appar- 
ently consists  of  homogeneous  protoplasm.    It  is  therefore  probable 


;/ 


Fig.   240. — Model  of  lobule  of  humnn   pancreas   (Mozinrski,   ** Anatomische  llefte/' 

1901). 

that  during  a  state  of  rest  peculiar  granules  (zymogen  granules)  are 
formed  at  the  expanse  of  the  protoplasm,  and  that  these  granules 
represent  a  preliminary  stage  of  the  finished  secretion.      During  tlie 
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functional  activity  of  the  gland  the  granules  gradually  disappear, 
while  the  fluid  secreticm  simultaneuusly  makes  its  appearance  in  tin- 
lumen,  although  the  granules  liave  as  yet  never  been  observed  in 
the  lumen  itself.  After  secretion  the  cell  grows  again  until  it 
reaches  its  original  size,  only  again  to  begin  the  formation  of  2}'mo- 
gen  granules,  Whether  the  cells  of  the  gland  are  destroyed  or  not 
during  secretion  is  still  a  matter  of  uncertainty,  but  does  not  seem 
probable. 

An  intcruudiaU'  tubule  similar  to  those  of  the  salivarj^  glands 
connects  with  each  alveolus,  and  then  passes  over  into  a  short  in- 
tralobular duct.  This  is  lined,  as  in  the  salivary  glands,  with 
columnar  epithelial  cells,  which  are  not,  however  (at  least  in 
manj,  striated  at  their  basal  ends.      The  intralobular  ducts  merge 
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Fig.  241.  — 1 
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into  excretor}'  ducts,  which  finally  empty  intu  the  pancreatic  duct. 
The  epithelium  of  the  excretor)-  ducts  is  simple  columnar  in  type. 
Goblet  cells  are  seen  only  in  the  pancreatic  duct. 

In  the  secreting  alveoli  small  prnt(»pla.smic.  pnlygoiiiil,  and  even 
stellate  cells  are  often  seen,  the  so-called  ccntro-aciual  ctlls,  or  ctils 
of  Lan^^erhans.  The  significance  of  these  structures  is  not  fully 
understood.  I^ngerhans  himself  sup])osed  that  they  belonged  to 
the  walls  of  the  excretor\'  ducts.  This  interpretation  seems  war- 
ranted by  the  fact  that  it  has  been  found  that  the  secreting  cells  of 
the  alveoli  are  directly  joined  to  the  low  cells  of  the  intermediate 
tubules.  When  the  alveoli  lie  closely  packed  together,  the  ad- 
joiinng  intermediate  tubules  fuse  and  are  reduced  to  one  or,  at 
most,  a  few  cells.  As  a  result  a  condition  is  seen  within  the 
alveolar  cnmplexus.  es|K:cially  when  the  excretory  ducts  are  in  a 
collapsed  state,  closely  resembling  the  structures  seen  by  linger- 
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bans.  Peculiar  cells,  wedged  in  here  and  there  between  the  secre- 
tory cells,  but  resting  on  the  membrana  propria,  have  also  been 
observed.  They  undoubtedly  are  suslentaciilar  cells  of  the  gland 
(cuneate  cells,  Podwyssotzki,  Sz). 

The  membrana  propria  of  tlie  alveoli  is  probably  homogenous. 
Immediately  adjoining  it  is  anotlier  delicate  but  firm  membrane, 
consisting  of  fibrils  whose  structure  in  many  respects  resembles  that 
of  the  reticular  fibers  (Gittcrfaseni)  in  the  liver  and  spleen,  but  which 
arc  here  in  lelatinn  to  the  alveoli  (Podwyssotzki,  82). 

In  warm-  and  cold-blooded  animals,  groups  of  cells  differing  in 
arrangement,  size,  and  structure  from  the  sccretor>'  cells,  are  found 
among  the  gland  tubules  and  alveoli  of  the  pancreas  ;  these  are 
known  as  the  inttrtubular  cell-uiasses,  or  areas  of  LangerJians,  They 
are  most  numerous  in  the  splenic  end  of  the  pancreas  (Opie).     They 
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Fig.  242. — From  section  through  human  pancreas ;  X  45o  (.subUmate). 


consist  of  slightly  granular  cells,  smaller  than  the  secretory  cells 
of  the  alveoli,  arranged  in  the  form  of  ana.stomo.sing  trabecular,  with 
irregular  spaces,  varying  in  size,  separating  the  trabecular.  Dogiel 
(93)  has  shown  that  in  a  well-preserved  human  pancreas  treated 
by  the  chrome-silver  method,  \\\  which  the  gland  ducts  even  to 
their  finest  intra-alveolar  branches  were  well  stained,  no  ducts  were 
found  ill  the  areas  of  Uingerhans.  Such  areas  are,  in  the  human 
pancreas,  usually  separated  from  the  surrounding  gland  tissue  by  a 
small  amount  of  connective  tissue.  They  pos.sess  a  blood  supply, 
consisting  of  relatively  large  capillaries  found  in  the  spaces  formed 
by  the  trabeciiku  of  cells  above  mentioned.  The  areas  of  Langer- 
hans  have  been  \'ariously  interpreted.  They  have  been  looked 
upon  as  small  areas  of  gland  tissue  in  process  of  degeneration,  or 
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again  as  areas  of  embryonic  gland  tissue.  From  their  structure 
and  distinct  blood  supply,  and  the  fact  that  no  ducts  have  been 
traced  into  these  areas,  it  seems  probable  that  they  are  small  masses 
of  cells  forming  a  secretion  which  passes  into  the  blood-vessels — in- 
ternal secretion. 

The  blood-vessels  after  entering  the  gland,  divide  into  smaller 
branches  in  the  lobules,  and  finally  break  up  into  capillaries  which 
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Fig.  244.— From  section  of  human  pancreas,  showing  gland  alveoli  surrminding  an  arem 

of  I.angerhans. 

encircle  the  secreting  alveoli.  The  blood-vessels  do  not  follow  the 
course  of  the  ducts  so  regularly  as  in  the  salivary  glands  (Flint). 
The  meshes  of  the  capillary  network  arc  not  all  of  the  same  size. 
In  some  regions  they  are  so  wide  that  quite  large  areas  of  tlie 
alveoli  are  without  blood-vessels. 

The  nerves  of  the  pancreas  have  been  investigated  by  Cajal  and 
Sala  (91)  and  Erik  M tiller  (92),  who  find  in  this  gland  large  num- 
bers of  nonmedullated  nerve-fibers,  some  coming  from  sympathetic 
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ganglion  cells  situated  in  the  pancreas  and  others  entering  from 
without.  The  nonmedii Hated  nerve-fibers  form  plexuses  surround- 
ing the  excretory  ducts  and  end  in  periacinal  networks.  Fibrils 
from  the  network  about  the  alveoli  were  traced  to  the  secretory 
cells.  A  portion  of  the  nonmedullated  nerves  in  the  pancreas  form 
perivascular  plexuses. 

The  development  of  the  pancreas  is  peculiar  in  that  the  larger 
portion,  together  with  the  duct  of  Santurini,  originates  from  the 
dorsal  intestinal  wall,  and  a  smaller  portion  from  the  ductus  choie- 
dochus.  The  latter  part,  with  Its  accessory  pancreatic  duct,  fuses 
with  the  former,  after  w^hich  there  is  a  gradual  retrogression  of  the 
duct  of  Santorini,  so  that  finally  the  entire  secretion  of  the  pancreas 
almost  invariably  flows  into  the  pancreatic  or  Wirsungian  duct. 

TECHNIC 

The  ivai  mufous  membrane  may  be  fixed  with  corrosive  sublimale  or 
alcohol,  stained  in  bulk,  and  examined  in  cross- sect  ion.  If  special 
structures,  such  as  glands,  nerves,  or  the  distribution  of  mitoses,  are  to  be 
examined,  special  methods  must  be  adopted. 

Teeth. — In  order  to  obtain  a  general  view  of  the  structure  of  the 
teeth,  the  latter  nuLst  be  macerated  and  ground  as  in  the  case  of  bone. 

The  relations  of  the  hard  and  soft  parts  in  undecalcified  teeth  are 
best  studied  by  the  use  of  Koch's  petrifaction  method. 

The  teeth  may  also  be  examined  in  section,  and  when  decalcified  are 
treated  as  bone.  Hydrochloric  acid,  dilute  chromic  acid,  and  picric  acid 
dissolve  the  enamel  prisms,  their  cement-substance  being  the  first  lo 
disappear  (von  Klmer,  91  ). 

The  enamel  of  young  teeth  stains  brown  in  a  solution  of  chromic  acid 
or  its  salLs,  and  blackens  in  osmicacid.  In  the  enamel  cells,  globules  are 
seen,  which  are  stained  in  osmic  acid.  If  longitudinal  sections  of  the 
enamel  be  corroded  with  hydrochloric  acid,  the  cruciform  arrangement 
of  the  enamel  prisms  is  jjlainly  seen. 

The  fibrils  of  the  dentin  maybe  demonstrated  by  decalcifying  a  tooth 
in  the  fluid  recommended  by  von  Ebner,  the  teeth  of  young  individuals 
being  well  adapted  for  this  purpose.  Occasionally  carious  teeth  also 
show  the  fibrils  plainly.  Corrosion  with  hydrochloric  acid  produces  the 
same  result. 

The  cementum,  especially  that  part  lacking  in  cells,  contains  a  large 
number  of  Sharpey's  fibers. 

The  development  of  the  teeth  is  studied  in  the  embryo  ;  the  jaw-bone 
is  fixed,  decalcified,  and  cut  in  serial  sections.  The  most  convenient 
material  is  a  sheep  embryo,  which  can  almost  always  be  had  from  the 
slaughter-house. 

Taste-buds. — ^To  study  the  taste-buds  of  the  tongue  and  the  rela- 
tions which  their  constituent  cells  bear  to  each  other,  fixation  in  FJem- 
ming's  fluid  is  recommended.  The  orientation  of  the  taste-buds  must  lie 
very  carefully  done,  after  which  exactly  longitudinal  or  transverse  serial 
sections  are  made  (not  thicker  than  5  ft)  and  stained  with  safranin- 
gentian -violet. 
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Stains  mucin  orange-yellow.  For  the  demonstration  of  mucin,  more  es- 
pecially in  alcoholic  preparations,  H,  Hoyer  (90)  has  recommended 
thionin  or  its  substitute,  tohiidin-biue.  Indeed,  the  basic  anilin  dyes  in 
general  seem  to  have  a  particular  affinity  for  nmcin. 

P.  Mayer  (96)  recommends  the  following  two  solutions  for 
the  staining  of  mucin:  (i)  Mucicarmin — Carrain  1  gm.,  aluminium 
chlorid  0.5  gm.,  and  distilled  water  2  c.c.  are  stirred  together  and 
heated  over  a  small  feme  till  the  mixture  becomes  quite  dark.  As  soon 
as  the  mixture  has  attained  the  consistency  of  thick  syrup,  50^.  alcohol 
is  added  and  the  whole  transferred  to  a  bottle  in  which  it  is  shaken  after 
the  addition  of  more  alcohol.  Finally,  still  more  50^^  alcohol  is  added 
until  the  whole  aniounts  to  too  c.c.  Before  using,  this  stock  solution  is 
diluted  tenfold  with  tap-water  rich  in  lime-salts.  (2)  Muchematein  : 
(a)  Aqueous  solution — 0.2  gm.  of  hematein  is  ground  in  a  mortar  t.on- 
taining  a  few  drops  of  glycerin;  to  this  are  added  o.i  gm.  ahmiiniuni 
chlorid,  40  c.c,  glycerin,  and  60  c.c.  distilled  water.  (^)  Alcoholic 
solution — 0,2  gm.  hematein,  0.1  gm.  aluminium  chlorid,  100  c.c.  "jo^/f, 
alcohol,  and  i  or  2  drops  of  nitric  acid.  Both  of  these  solutions  are  used 
for  staining  mucin  in  sections  and  thin  membranes.  By  the  use  of  these 
methods  the  mucous  acini  of  mixed  glands  are  shown  with  ease  and  pre- 
cision. Under  lavorable  conditions  the  whole  secretory  and  excretory 
system  of  the  gland  may  be  brought  out  by  Golgi's  method  (see  this). 

In  order  to  obtain  a  general  stnictural  view  of  the  esophagus  a 
small  animal  may  be  selected,  in  which  case  small  pieces  of  tissue  are 
fixed  and  imbedded  in  paraffin.  If  a  large  animal  is  used,  the  tis.siie  is 
imbedded  in  celloidin. 

The  mucous  membrane  of  the  stomach  should  be  fixed  while 
still  fresh  and  warm,  the  best  fixative  for  this  purpose  being  corrosive  sub- 
limate. Mixtures  of  osmic  acid  are  also  serviceable,  but  tlxing  with  cor- 
rosive sublimate  increases  the  staining  power  of  the  tissue.  In  order  to 
preserve  the  stomach  and  intestine  in  a  dilated  condition,  they  should  be 
filled  with  the  fixing  fluid  and  after  ligation  placed  whole  in  the  fixing  agent. 
In  t^iisfn'c'  mucous  membrane  that  has  been  fixed  either  with  corrosive 
sublimate  or  alcohol,  the  parietal  1  ells  are  easily  differentiated  from  the 
chief  cells  by  staining.  The  most  reliable  and  convenient  method  is  as 
follows:  Sections  fastened  to  the  slide  by  the  water-albumin  fixative 
method  are  stained  with  hematoxylin  and  then  |>laced  in  a  dilute 
aqueous  solution  of  Congo  red  until  they  assume  a  red  color  (minutes); 
they  are  then  washed  with  dilute  alcohol  imtil  the  parietal  cells  appear 
red  and  the  chief  cells  bluish  (Stintzing).  Almost  all  acid  anilin  dyes 
have  an  affinity  for  the  parietal  cells  ;  hence  the  red  stains  may  be  com- 
bined with  hematoxylin  and  the  blue  ones  with  carmin.  The  chief  cells 
then  take  the  color  of  the  ciirmin  or  hematoxylin,  and  the  parietal  cells 
that  of  the  anilins. 

An  accurate  fixation  of  that  portion  of  (he  small  intestine  possessing 
villi  is  attended  with  great  difficulty,  since  the  axial  tissue  of  the  villi 
shows  a  tendency  to  retract  from  the  epithelial  layer  surrounding  it 
(the  latter  becoming  fixed  first);  and  as  acon.se(juenLe  spaces  are  formed 
at  the  summits  of  the  villi  which  undoubtedly  represent  artefacts.  A 
good  method  is  to  cut  pieces  from  tissue  while  still  warm  and  fix  in  osmic 
acid.  If  portions  of  the  intestine  be  filled  with  alcohol  or  corrosive  sub- 
limate and  thus  dilated,  both  the  glands  and  villi  are  shortened.  The 
20 
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methods  above  mentioned  for  siaJDing  mucin  may  be  used  to  stain  the 
goblet  cells.  The  villi  may  also  be  examined  in  a  fresh  condition  in  one 
of  the  indifferent  fluids.  For  this  purpose  the  intestine  of  the  mouse  is 
especially  well  adapted. 

The  alisorption  of  fat  is  best  studied  in  preparations  fixed  in  osroic 
acid,  and  esi>ecially  in  those  treated  by  Altraann's  method. 

The  technic  for  the  solitary  lymph -follicles  and  Peyer's  patches 
is  the  same  as  that  for  lymph -glands.  For  this  purpose  the  cecum  of  a 
rabbit  or  guinea-pig  is  the  best  material. 

The  nerves  of  the  intestinal  mucous  membrane  are  best  demon- 
strated by  means  of  the  methylene-bkie  method  or  Golgi's  method  ( it  J. 
Technic),  and  the  coarser  filaments  of  Auerbach's  and  Meissner's  pjlexiises 
may  also  be  stained  by  the  gold  metho<l  (Lowit's  procedure,  p.  48). 
fiood  results  are  also  obtained  by  staining  with  hematoxylin  such  speci- 
mens as  have  been  previously  fixed  and  distended  with  alcohol.  The 
plexuses  then  appear  somewhat  darker  than  the  remaining  tissue  of  the 
isolated  mucous  membrane  or  muscular  layer. 

Liver. — The  arrangement  of  the  liver  lobules  is  best  seen  in  the  pig's 
liver.  In  the  human  liver  and  in  most  domestic  animals  the  lobules  are 
not  sharply  defined,  two  or  three  adjacent  lobules  merging  into  each 
other.  In  the  liver  of  the  fetus,  of  the  new-born,  and  of  children,  the 
lobules  are  seen  indistinctly  or  not  at  all,  although  the  perivascular  sf>aces 
of  the  blood-vessels  are  better  seen  than  in  the  adult. 

The  liver -cells  are  best  examined  by  treating  small  i)ieces  of  tissue 
with  i^  osmic  arid  or  osmic  mixtures;  in  the  latter  case  subsequent 
treatment  with  pyroligneous  acid  is  necessary.  Good  results  can  also  be 
obtained  by  fixing  with  corrosive  sublimate  and  staining  with  hematoxylin 
(after  M.  Heidenhain). 

In  order  to  see  the  glycogen  in  the  livcr-cells  Ranvier  (89)  proceeds 
as  follows :  A  dog  is  fed  on  t)oiled  potatoes  for  two  days,  after  which 
sections  of  its  liver  are  cut  with  a  freezing  microtome  and  examined  in 
iodized  senmi.  In  a  short  time  the  glycogen  is  stained  a  wine-red.  If 
the  preparation  l>e  now  exposed  to  osmic  acid  vapor,  the  stain  will  remain 
fixed  for  from  twenty-four  to  forty -eight  hours.  Glycogen  is  insoluble  in 
alt  ohol  and  ether,  and  stains  a  port  wine-red  in  iodin  solutions  :  the 
color  disappears  when  the  specimen  is  warmed,  but  returns  again  on  cool- 
ing. 

The  distribution  of  the  hepatic  blood-vessels  is  usually  demon- 
strated by  injection  of  the  portal  vein,  as  the  injection  of  the  hepatic 
artery  does  not,  as  a  rule,  give  such  satisfactory  results. 

The  injection  method  is  also  employed  for  the  demonstration 
of  the  biic  caj^illaries.  Chrzonszczewsky  recommends  the  following 
so-called  physiologic  autoinjection  :  A  saturated  aqueous  solution  of 
indigo-*  armin  is  inje<  ted  into  the  external  jugular  vein  three  times  in  the 
coitrse  of  one  and  one-half  hours  (dog  50  c.c.  each  time,  c^l  30  c.c, 
full-grown  rabbit  20  c.c).  The  animal  is  then  killed  and  small  pieces 
of  its  liver  fixed  in  absolute  alcohol  or  in  potassiuni  chlorate;  in  the  latter 
case  a  saturated  solution  of  the  salt  may  l)e  injected  into  the  blood-ves- 
sels. .\  sul)seqiient  injection  of  the  blood-vessels  with  carmin -gelatin 
may  also  be  employed  and  the  whole  liver  then  hardened  in  alcohol.   By 
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this  method  the  bile  capillaries  finally  become  filled  with  the  indigo-car- 
min  by  a  gradual  elimination  of  the  suljstanre  from  the  blood-  and  lymph- 
vessels  and  passage  through  the  cells  inlo  the  biliary  system,  while  ihe 
blood-vessels  themselves  are  distended  by  the  r  arm  in -gelatin.  In  the 
frog,  the  demonstration  of  the  biliary  passages  is  more  easily  accomplished 
by  injecting  2  c.c.  of  the  indigo-camiin  solution  into  the  large  lymph- 
sac  and  killing  it  after  a  few  hours.  The  liver  is  then  fixed  in  the  manner 
described  above  and  is  then  ready  for  further  treatment. 

The  bile  passages  may  also  be  injected  directly  through  the 
hepatic  duct  or  the  dnitus  choledochus.  For  this  purpose  it  is  best  to 
use  a  concentrated  atiueous  solution  of  Berlin  blue  ( Berlin  blue  that  is 
soluble  in  water  j.  The  results  obtained  l)y  this  method  are  not,  however, 
always  satisfacton',  and  even  in  the  best  of  cases  only  the  peripheral  por- 
tions of  the  liver  lobules  are  successfully  injected. 

The  bile  capillaries  may  be  impregnated  with  chrome-silver. 
Fresh  pieces  of  liver  tissue  are  placed  for  two  or  three  days  in  a  potas- 
sium bichromate-osmic  acid  solution  (4  vols,  of  a  3'^  bichromate  of 
potassium  solution  and  i  vol.  of  x^jc  osmic  acid)  and  then  transferred  to 
a  0.75%  aqueous  solution  of  silver  nitrate.  After  rinsing  in  distilled 
water  the  specimens  are  cut  with  a  razor,  the  sections  again  washed  with 
distilled  water,  placed  for  a  short  time  in  absolute  alcohol,  cleared  in 
xylol,  and  finally  preserved  in  hard  Canada  balsam.  Hoih  relloidin 
and  paraffin  imbedding  are  admissible,  but  either  process  must  be  hurried, 
as  the  preparation  always  suffers  under  such  treatment.  In  the  finished 
specimen,  the  bile  capillaries  ai>j)ear  black  by  direct  light. 

Another  method  which  brings  to  view  more  extensive  areas  of  the 
bile  capillaries  is  as  follows  :  A  piece  of  liver  tissue  from  a  freshly  killed 
animal  is  fixed  in  rapidly  ascending  strengths  of  potassium  bichromate 
solution  (from  2'/  to  5'/r  )•  After  three  weeks  the  specimen  is  placed 
in  a  0.75^;  silver  nitrate  solution,  when  after  a  few  days  (ver)'  marked 
after  eight  dap)  the  bile  capillaries,  if  examined  in  sections,  will  appear 
black  by  direct  light  (Oppel,  90). 

Sometimes  the  bile  capiliaries  are  brought  out  in  preparations 
treated  by  the  method  of  R.  Heidenhain,  although  only  small  areas  are 
colored  and  these  not  constantly.  The  application  of  other  stains,  as  for 
instance  the  method  of  M.  Heidenhain  following  the  gold  chlorid  treat- 
ment, often  results  in  the  staining  of  small  areas  of  bile  capillaries. 

In  ail  the  methods  used  for  the  demonstration  of  the  lule  capil- 
laries, whether  physiologic  autoinjection,  direct  injection,  or  impregna- 
tion, the  secretion  vacuoles  of  the  liver-cells  are  clearly  brought  to  view. 

By  treating  pieces  of  liver  tissue  according  to  the  methotl  of 
Kupfler  (  76)  the  connective  tissue  of  the  liver,  especially  the  reticular 
structure  {Gittetfascrn)^  is  shown.  Fresh  liver  tissue  is  cut  with  the 
double  knife  and  the  thinnest  sections  placed  for  a  short  time  in  a  o.6''/o 
sodium  chlorid  solution  or  in  a  0.05 '/f?  solution  of  chromic  acid.  From 
this  they  arc  transferred  to  a  very  dilute  solution  of  gold  1  hlorid  (Gerlac  h) 
(gold  chlorid  i  gm,.  hydrochloric  acid  i  c.c,  water  10  liters),  and  kept 
for  one  to  several  flays  in  the  dark  until  they  a.ssume  a  reddish  or  violet 
color.  If  the  staining  has  been  satisfactory  (which  is  Vty  no  means  always  the 
case),   the  reticular  fibers,  and  occasionally  also  the  stellate  cells,  are 
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seen.     Instead  of  the  double  knife  the  freezing  mtcrolome  may  be  used 
and  the  method  continued  as  stated  (Rothe). 

The  reticular  fibers  are  seen  under  more  favorable  conditions  by 
using  the  following  method,  recommended  by  Opijel  (91):  Fresh  pieces 
of  tissue  fixed  in  alcohol  are  jjlaced  for  twenty-four  hours  in  a  0.5^;  aque- 
ous solution  of  yellow  throinate  of  potassium  ( larger  pieces  in  stronger 
solutions  up  to  5%),  then  washed  with  a  very  dilute  solution  of  nitrate  of 
silver  (a  few  drops  of  a  0.75^  solution  to  30  c-c.  distilled  water),  and 
iransterred  to  a  0.75';^  solution  of  silver  nitrate.  In  twenty-four  houra 
the  intralobular  network  surrounding  the  blood  capUlaries  will  have  be- 
come stained.  The  best  areas  lie  at  the  periphery  of  the  specimen,  and 
extend  about  i  mm.  into  the  parenchyma.  Free-hand  sections  are 
made,  or  the  specimens  are  quickly  imbedded  in  celloidin  or  paraffin, 
to  be  t  ut  aftenvard  by  means  of  the  microtome.  The  same  results  are 
obtained  by  placing  small  fresh  pieces  of  the  tissue  for  two  or  three  days 
in  a  o.5^r  chromic  acid  solution  and  then  one  or  two  days  in  a  0.5 ^1^ 
solution  of  silver  nitrate.  The  further  treatment  is  as  in  the  preceding 
method. 

The  method  of  F.  P.  Mall  is  also  employed  in  the  examination  of  the 
hepatic  connective  tissue. 

The  following  method  is  recommended  by  Berkley  for  demon- 
strating the  nerves  of  the  liver  :  Small  i)ieces  of  liver  tissue  from  0.5  to  1 
nmi.  in  breadth  are  placed  in  a  half-saturated  acjueous  solution  of  jjicric  acid 
for  from  fifteen  to  thirty  minutes,  and  then  in  100  c.c.  of  potassium  bi- 
chronmte  solution  that  has  been  saturated  in  the  sunlight  and  to  which  16 
c.c.  of  2'/,  osmit  acid  has  been  added.  The  s|>eciinens  now  remain  in 
this  fluid  for  forty-eight  hours  io  a  dark  place,  and  at  a  temperature  of 
25°  C.  After  this  the  tissue  is  treated  with  a  0.25%  to  0.759(1  aqueous 
solution  of  silver  nitrate  for  five  or  six  days,  washed  (quick  imbedding 
may  be  employed),  cut,  cleared  in  oil  of  bergamot,  and  mounted  in 
xylol -C'anada  balsam. 

The  cellular  elements  of  the  pancreas  may  be  examined  without 
further  manipulation  in  very  thin  lobules  from  the  rabbit  (Kiihne  and  Lea). 

There  are  various  methods  of  diflerentiating  the  inner  and 
outer  zones  of  the  cells.  In  sections  of  the  li.ssue  fixed  in  alcohol,  car- 
min  stains  the  oiner  zone  of  the  cells  more  intensely  than  the  inner  (R. 
Heidenhain,  S3  ).  For  the  staining  of  the  inner  zone,  fixation  in  Flem- 
ming's  fluid  is  to  be  rc<ommended,  then  staining  with  safranin,  and  finally 
washing  in  an  alcoholic  solution  of  picric  acid.  The  granules  of  the 
inner  /one  ( zymogen  granules)  appear  red.  These  also  stain  red  with 
the  Biondi-Ehrlich  mixture.  The  simplest  and  most  precise  method  of 
demonstrating  the  zpnogen  granules  is  that  of  Altmann.  The  secretory 
and  excretory  ducts  of  the  jiancreas  are  shown,  as  in  the  case  of  the 
salivary  glands,  by  the  chrome-silver  method. 
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part  of  the  arytenoid  cartilage  as  far  as  the  cavity  between  these 
cartilages,  is  of  the  stratified  squamous  variety,  and  is  provided  with 
connective-tissue  ridges  and  papillae.  The  mucosa  consists  of  fi- 
brous connective  tissue,  contains  many  elastic  fibers,  which  become 
larger  and  more  prominent  as  the  deeper  layers  of  the  mucosa  are 
approached,  and  is  rather  firmly  connected  with  the  structures 
underneath  it.  but  is  somewhat  more  loosely  connected  in  the  re- 
gions supplied  with  squamous  epithelium.  The  mucosa  contains 
numerous  Ij-mphocytes  and  leucocytes,  which  now  and  then,  espe- 
cially m  the  region  of  the  ventricles,  form  simple  follicles.  In  it  are 
found  branched  tubulo-alveolar  glands,  which  may  be  single  or 
arranged  in  groups.  These  are  found  at  the  free  posterior  portion 
of  the  epiglottis,  in  the  region  of  the  latter' s  point  of  attachment — 
I.  e.,  in  the  so-called  cushion  of  the  efDiglottis.  larger  collections 
of  glands  are  found  in  the  false  vocal  cords,  and  on  the  cartilages 
of  Wrisberg  (cuneiform  cardlages),  which  appear  almost  imbedded 
in  the  glandular  tissue  and  in  the  ventricles.  In  the  remaining 
parts  of  the  larynx  glands  are  found  only  at  isolated  points.  The 
true  vocal  cords  have  no  glands.  The  glands  of  the  larynx  are 
of  the  mucous  variet}^,  containing  crescents  of  Gianuzzi. 

The  cartilages  of  the  iar>'nx  are  of  the  hyaline  varietj',  with  the 
exception  of  the  epiglottis,  the  cartilages  of  Santorini  (the  latter 
are  derivatives  of  the  epiglottis,  Goppert).  the  cuneiform  cartilages, 
the  processus  vocal  is,  and  a  small  portion  of  the  thyroid  at  the 
points  of  attachment  of  the  vocal  cords,  which  consist  of  elastic  car- 
tilage. 

The  vascular  supply  of  the  larynx  is  arranged  in  three  suiter- 
imposed  networks  of  blood-vessels.  The  capillaries  are  verj'  fine, 
and  lie  directly  beneath  the  epithelium.  The  lymphatic  network  is 
arranged  in  two  layers,  the  superficial  being  veiy  fine  and  di- 
rectly beneath  the  network  of  blood  capillaries. 

The  nerves  of  the  laryngeal  mucous  membrane  will  be  de- 
scribed in  connection  with  those  found  in  the  trachea. 


B.  THE  TRACHEA. 

The  trachea  is  lined  by  a  stratified  ciliated  columnar  epithelium 
containing  goblet  cells  and  resting  on  a  well-developed  basement 
membrane.  The  mucosa  is  rich  in  elastic  tissue.  In  the  super- 
ficial portion  of  the  mucosa  the  elastic  fibers  form  dense  strands, 
which  usually  Like  a  longitudinal  direction.  The  deeper  layer  of 
the  mucosa  is  more  loosely  constructed,  and  passes  over  into  the 
perichondrium  of  the  semilunar  cartilages  of  the  trachea  without 
any  sharp  line  of  demarcation.  Numerous  leucocytes  are  scattered 
throughout  the  mucosa,  and  are  also  frequently  found  in  the  epi- 
thelium. Connecting  the  free  ends  of  the  semilunar  cartilages, 
which  are  of  the  hyaline  variety,  are  found  bundles  of  nonstriated 
muscle  tissue^  the  direction  of  which  is  nearly  transverse. 
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The  trachea  contains  numerous  branched  tubulo-alveolar  glands 
of  the  mucous  variety  containing  here  and  there  crescents  of 
Gianuzzi.  The  glands  are  especially  numerous  where  the  tracheal 
wall  is  devoid  of  cartilage. 

The  larynx  and  trachea  receive  their  nerve  supply  from  sensory 
nerve-fibers  and  sympathetic  neurones.  These  have  been  described 
by  Ploschko  (97)  working  in  Arnstein  s  laboratory.  According  to 
this  obser\'er,  the  sensory  fibers  divide  in  the  mucosa,  forming  sub- 
epithelial plexuses  from  which  fibrils  are  given  off  which  enter  the 
epithelium  of  the  la^nx  and  trachea  and,  after  further  division,  end 
on  the  epithelial  cells  in  small  nodules,  or  small  clusters  of  nodules. 
In  the  trachea  of  the  dog,  such  fibrils  were  traced  to  the  ciliary 
border  of  the  columnar  ciliated  cells  before  terminating.  Numerous 
sympathetic  ganglia  are  found  in  the  larynx  and  trachea.  In  tiie 
latter  they  are  especially  numerous  in  the  posterior  wall.  The 
neu raxes  of  the  sympathetic  neurones  forming  these  ganglia  were 
traced  to  the  non striated  muscular  tissue  of  the  trachea.  The  cell- 
bodies  of  these  sympathetic  neurones  are  surrounded  by  end-baskets 
of  small  medullated  fibers  terminating  in  the  ganglia.      Medullated 


«^;;•'Jt. 


Fig.  246.  —  From  lonp>u<!inaI  so  u.-.i  •<,   imULiU  luuht-a.  iUnjc^l  tu  uicein:  a,  Layer  of 
elajjlic  fillers  ;   i>,  cartilage. 

nerve-fibers,  ending  in  the  musculature  of  the  trachea  in  pecuh'ar 
end-brushes,  were  also  described  by  Ploschko. 


C  THE  BRONCHI,  THEIR  BRANCHES,  AND  THE 
BRONCHIOLES* 

The  primar)^  bronchi  and  their  branches  show  the  same  general 
structure  as  the  trachea,  showing,  however,  irregular  plates  and 
platelets  of  cartilage  instead  of  half- rings,  which  surround  the 
bronchi.     The  cartilage  is  absent  in  bronchial  twigs  of  less  than 


FJg.  Z49, 
Figs.  248  and  249. — Two  sections  of  oil's  lung :  Fig.  248,  X  5^  ;  Fig.  249,  X  35- 

The  epithelium  of  trte  latter  is  ciliated  in  patches,  but  soon  becomes 
nonciliated  and   assumes  the   character  of  respiratory  epithcHum. 
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(See  below.)  The  walls  of  the  respiratory  bronchioles  are  rela- 
tively thin,  consisting  of  fibro-elastic  connective  tissue  and  nonstri- 
ated  muscle.  Our  knowledge  of  the  further  dixnsions  of  the 
bronchioles  and  of  their  relation  to  the  terminal  air-spaces  has  been 
increased  greatly  by  ^Miller,  who  has  made  use  of  Bom's  method 
of  wax- plate  reconstruction  in  the  study  of  these  structures.  His 
account  is  here  followed.  According  to  Miller,  the  respiratory 
bronchioles  divide  into  or  become  the  terminal  bronchioles  or  alveo- 
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Fig.  250. — Intenul  surface  of  a  humnn  rc^jiiratory  bronchiole,  trealcd  with  silver 
tiWraU: ;   '■   234  (after  Kollikcr). 

lar  ducts.  These  are  somewhat  dilated  at  their  distal  ends  and 
communicate,  by  means  of  three  to  six  round  openings,  with  a  cor» 
responding  number  of  spherical  cavities,  known  as  ^trin.  Each 
atrium  communicates  with  a  variable  number  of  somewhat  irregu- 
lar spaces  or  cavities,  the  air-sacs,  the  walls  of  which  are  beset  with 
numerous  somewhat  irregular  hemispheric  bulgings,  the  atr^ct/Zs 
or  lung  alveoli.  The  air-cells  or  alveoli  are  also  numerous  in  the 
walls  of  the  atria  and  the  terminal  bronchioles  or  alveolar  ducts, 


TERMINAL  DIVISIONS  OF  BRONCHI  AND  ULTIMATE  AIR-SPACES.    3 1  5 

and  may  even  be  found  in  the  walls  of  the  respiratory  bronchioles. 
The  terminal  bronchioles  or  alveolar  ducts  have  an  epithelium 
which  is  of  the  cubic  variety  in  their  proximal  portions,  and  which 
changes  to  a  squamous  epithelium  in  their  distal  portions. 

The  epithelium  of  the  distal  portions  of  the  terminal  bronchi- 
oles or  alveolar  ducts,  atria,  and  air-sacs  (i  i  /f  to  i  5  /i  in  diameter) 
and  of  the  alveoli  (the  so-called  respirator}''  epithelium)  consists  of 
two  varieties  of  cells  (F,  E.  Schulze) — smaller  nucleated  elements 
and  larger  noimucleated  platelets  (the  latter  derived  ver>'  probably 
from  the  former).  The  arrangement  of  the  epithelial  cells  is  gen- 
erally such  that  the  nonnucleated  platelets  rest  directly  upon  the 
blood  capillaries,  while  nucleated  cells  lie  between  them.  In  am- 
phibia the  epithelium  of  the  alveoli  consists  of  cells,  of  which  the 
portion  containing  the  nucleus  forms  a  broad  cylindric  base;  from 
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Fig.  351. — Inner  surface  of  tiurnan  alveolus  treated  with  silver  nitrate,  showing  respira- 
tory epitlielium;  X  M*^  {^^^^^  K&UiJcer). 


the  free  end  of  eacli  cell  a  lateral  process  extends  over  the  adjoin- 
ing capillar^'  to  meet  a  similar  process  from  the  neighboring  cell. 
When  viewed  from  above,  the  basal  portion  of  the  cell  appears 
dark  and  granular,  while  the  processes  are  clear  and  transparent 
These  cells,  together  with  their  prolongations,  are  about  50  /t  in 
diameter.  The  surface  view  greatly  resembles  that  of  the  human 
respirator}'  epithelium  (Duval,  Oppcl,  89). 

The  terminal  bronchioles  or  alveolar  ducts  have  a  distinct 
layer  of  nonstriated  muscle  having  annular  thickenings  about  the 
openings  which  lead  to  the  atria.  Muscular  tissue  is  not  found  in 
the  walls  of  the  atria,  air-sacs,  and  air-cells  or  alveoli  (.Miller). 

Beneath  the  respiratory  epithelium  in  the  atria,  air-sacs,  and  air- 
cells,  there  is  found  a  thin  basement  membrane,  which  is  apparently 
homogeneous.     Here  and  there  are  found  some  fibrils  of  fibrous 
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tissue  and  fixed  connective-tissue  cells.     Elastic  fibers  are.  howe\-eT, 
numerous,  forming  networks  beneath  the  basement  membrane. 

The  work  oi  Miller  has  given  a  clearer  conception  of  what  may- 
be regarded  as  the  units  of  lung  structure,  namely,  the  lobules. 
.Such  a  unit  or  lobule  is  composed  of  a  terminal  bronchiole  or 
alveolar  duct,  with  the  air-spaces — atria,  air-sacs,  and  air-cells — 
connected  ^%'ith  it,  and  their  blood-  and  iymph> vessels  and  nerves. 
The  general  arrangement  of  these  structures  may  be  observed  in 
Fig.  253.  which  gives  a  diagram  of  a  lung  lobule.  The  shape  of  the 
ria,  air-sacs,  and  air-cells  may  be  seen  in  Fig.  254,  which  is  from 
wax  reconstruction  of  these  structures. 
The  bhini'Vessds  of  the  lung,  including  their  relation  to  the 
structures  of  the  lung  lobules,  have  been  investigated  by  Miller;  his 
account  is  closely  followed  in  the  follo\%-ing  description:  The  pul- 
monar>'  artery  follows  closely  the  bronchi  through  their  entire 
length.  An  arterial  branch  enters  each  lobule  of  the  lung  at  its 
apex  in  close  proximity  to  the  terminal  bronchiole.  After  entering 
the  lobule  the  artery  divides  quite  abruptly,  a  branch  going  to  each 
atrium ;  from  these  branches  the  .small  arterioles  arise  which  supply 
the  alveoli  of  the  lung.  "  On  reaching  the  air-sac  the  arter>'  breaks  up 
into  small  radicals  which  pass  to  the  central  side  of  the  sac  in  the  sulci 
between  the  air-cells,  and  arc  finally  lost  in  the  rich  system  of  capil- 
laries to  which  they  give  rise.  This  network  surrounds  the  whole  air- 
sac  and  communicates  freely  with  that  of  the  surrounding  sacs. "  This 
capillary  network  is  exceedingly  fine  and  is  sunken  into  the  epithelium 
of  the  air-sacs  so  that  between  the  epithelium  and  the  capillar}^  there  is 
only  the  extremely  delicate  basement  membrane.    Only  one  capillary 

network  is  found  between  any 
two  contiguous  air-cells  or  air- 
sacs.  The  atria,  the  alveolar 
ducts  and  their  alveoli,  and  the 
alveoli  of  the  respirator}-  bron- 
chioles are  supplied  with  similar 
capillar)'  networks.  The  veins 
collecting  the  blood  from  the 
lobules  lie  at  the  peripher>'  of  the 
lobules  in  the  interlobular  con- 
nective tissue,  and  are  as  far  dis- 
tant from  the  intralobular  arteries 
as  possible.  These  veins  unite  to 
form  the  larger  pulmonar)'  veins. 
The  bronchi,  both  large  and 
small,  as  well  as  the  bronchioles, 
derive  their  blood  supply  from 
the  bronchial  arteries,  which  also 
partly  supply  the  lung  itself. 
Capillaries  derived  from  these  ar- 
teries surround  the  bronchial  system,  their  caliber  var>'ing  according 


Fig.   252 — Schcrae  of  the  respiratory 
epitSielium  in  ninphibia  :    The  upper  figure 

S'ves  A  surface  view  :  b.  Basilar  [jorlion  ;  <i, 
e  thin  process.  The  lower  figure  is  a  sec- 
lion  :  rt,  Respimtory  epithelial  cell ;  A,  blood- 
Tcuel  ;  t,  connective  tissue  around  the  al- 
veoli. 
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to  the  Structure  they  supply — finer  and  more  closely  arranged  in  the 
mucous  membrane,  and  coarser  in  the  connective-tissue  walls,  In 
the  neighborhood  of  the  terminal  bronchial  tubes  the  capillary  nets 
anastomose  freely  with  those  of  the  respiratory  capillary  system. 
From  the  capillaries  of  the  bronchial  arteries,  veins  are  formed  which 
empty  either  into  the  bronchial  veins  or  into  the  branches  of  the 
pulmonary  veins. 
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tig.  253. — Si  heme  of  lung  loliule 
after  Miller :  /4.  r. ,  Respiratory  bronchiole ; 
«/.  <j/.,  alveolar  duct  (terminal  bronchus); 
a,  a,  a,  atria;  1.  a/.,  air-sacs ;  a.  /.,  air- 
cells  or  alveoli. 


Fig.  254. — Reconstruction  in  wax  of 
B  single  atriuui  and  airsac  with  iht;  alveoli : 
y.  Surface  where  atrium  was  cut  ironx  al- 
veohir  duct;  /',  cut  suiface,  where  another 
air-sac  was  removed  ;  --/,  atmim  ;  .S",  air-sac 
with  air-cells  (alveoli)  (after  Miller). 


The  lymphatics  of  the  lung  are  classified  by  Miller  as  follows: 
(a)  lymphatics  of  the  bronchi;  {d)  lymphatics  of  the  arteries;  (t) 
lymphatics  of  the  veins;  (^)  lymphatics  of  the  pleura.  The  bron- 
chial lymphatics  arc  arranged  in  two  plexuses  as  far  as  cartilage  is 
present  in  the  walls  of  the  bronchi,  one  internal  and  one  external  to 
the  cartilage.  Beyond  the  cartilage  only  a  single  plexus  is  found. 
In  the  terminal  bronchioles  there  are  fotmd  three  lymphatic  v  esscis, 
two  of  which  pass  to  the  vein  and  one  to  the  artery  of  the  lobules. 
No  lymphatics  are  found  beyond  the  terminal  bronchioles.  The 
larger  arteries  are  accompanied  by  two  lymphatic  vessels;  the 
smaller  ones,  only  one.  The  same  is  true  in  general  of  the  lym- 
phatics accompanying  the  vein.  The  bronchial  lymphatics  and 
those  accompanying  the  arteries  and  veins  anastomose  in  the  regions 
of  the  divisions  of  the  bronchi.  The  pleura  po.ssesses  a  rich  net- 
work of  lymphatics  with  numerous  valves. 

Accompanying  the  bronchi  and  bronchial  arteries  are  found 
numerous  nen'e-fibers,  of  the  nonmedullated  and  medullated  varie- 
ties, arranged  in  bundles  of  varying  size,  in  the  course  of  which  are 
found  sympathetic  ganglia.  Berkley  (94).  who  has  studied  the  dis- 
tribution of  the  nerves  of  the  lung  with  the  chr  mc-silver  method, 
finds  that  in  the  external  fibrous  laver  of  the  bronchi  is  found  a 
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sent  endings  on  nonstriatcd  muscle  tissue.      The  bronchial  arteries 
have  an  exceedingly  rich  nerve  supply. 

The  visceral  and  parietal  layers  of  the  pleura  consist  of  a  layer 
of  fibrous  tissue  containing  numerous  elastic  fibers.  Both  layers  are 
covered  by  a  layer  of  mesothelial  cells.  The  presence  of  stomata 
in  the  pleural  mesothelium  is  denied  by  Miller.  The  blood-vessels 
of  the  visceral  layer  of  the  pleura  arise,  according  to  Miller,  from 
the  pulmonary  artejy,  these  forming  a  widc-meshcd  network,  which 
empty  into  veins  which  pass  into  the  substance  of  the  lung.  Sen- 
sory ner\'e -endings,  similar  to  those  found  in  connective  tissue,  have 
been  observed  in  the  parietal  layer  of  the  pleura. 


E  THE  THYROID  GLAND. 

The  thyroid  gland  is  developed  from  three  sources:  Its  middle 
portion,  the  isthmus  of  the  gland,  and  a  portion  of  the  lateral  lobes 
originate  as  a  diverticulum  of  the  pharyngeal  epithelium,  from  what 
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FJg.  257. — Portion  of  a  cross-section  of  thyroid  gland  of  a  mnn  ;  X  30-      ^'fr-  IiitervtitiBil 
connective  tis!.ue;  b^,  blood-vessel  ;  r,  colloid  substance  ;  /"j,  gJand  tiiveoli. 


is  later  the  foramen  caecum  of  the  tongue;  a  part  of  both  lateral 
portions,  the  riglit  and  left  lobes,  arc  formed  from  a  complicated 
metamorphosis  of  the  epithelium  of  the  fourth  visceral  pouch.  These 
various  parts  unite  in  man  into  one,  so  that  in  the  adult  the  struc- 
ture of  the  organ  is. continuous.  The  thyroid  gland  consists  of 
numerous  noncommunicating  acini  or  follicles  of  various  sizes  lined 
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by  a  nearly  cubic  epithelium;  the  lobules  are  separated  from  each 
other  by  a  highly  vascularized  connective  tissue,  continuous  with 
the  firm  connective-tissue  sheath  surrounding  the  whole  gland. 
The  connective-tissue  framework  of  the  thyroid  has  been  studied  by 
Flint  by  meansof  the  destructive  digestion  method.  Relatively  greater 
amounts  of  connective  tissue  are  found  iti  connection  with  the  blood- 
vessels, while  tile  follicular  niembraiies  are  delicate.  The  follicles 
are  either  round,  polyiiedral,  or  tubular,  and  are  occasionally 
branched  (.Strci ff).  At  an  earlv  stage  the  acini  are  found  to  con- 
tain a  substance  known  as  "colloid"  material. 

I^ngendorff  has  shown  that  two  varieties  of  cells  exist  in 
the  acini  of  the  thyroid  body — the  chief  ails  and  colloid 
cells.  Those  of  the  first  variety  apparently  change  into  colloid 
cells,  while  the  latter  secrete  the  colloid  substance.  During  the 
formation  of  this  material  the  colloid  cells  become  lower,  and  their 
entire  contents,  including  the  nuclei,  change  into  the  colloid  mass. 
Hiirthle  distinguished  two  processes  of  colloid  secretion  ;  in  the  one 
the  cells  remain  intact,  in  the  other  they  arc  destroyed.  He  claims 
that  the  colloid  cells  of  Langeiidorff  participate  in  the  former  pro- 
cess, while  in  the  latter  they  are  first  modified  (flattened)  and  then 
changed  into  the  colloid  substance.  The  secretion  is  formed  in  the 
cells  in  the  form  of  secretory  granules.  The  colloid  material  may 
enter  the  lymph-channels,  either  directly  by  a  rupture  of  the  acini, 
or  indirectly  by  a  percolation  of  the  substance  into  the  intercellular 
clefts,  whence  it  is  carried  into  the  larger  lymphatics. 

The  th\'ruid  gland  has  a  very  rich  blood  supply.  The  vessels, 
which  enter  through  the  capsule,  break  up  into  smaller  branches 
which  form  a  very  rich  capillary  network  surrounding  the  follicles. 
The  veins,  which  are  thin-wallcd.  arise  from  this  capillary  network. 
The  gland  is  provided  with  a  rich  network  of  lymphatic  vessels. 

Anderson  (91)  and  Berkley  (94)  have  studied  the  distribution 
of  the  nerve-fibers  of  ihe  th\^"roid  gland  with  the  chrome-silver 
method  ;  the  account  given  by  the  latter  is  the  more  complete  and 
will  be  followed  here.  The  nonmeduliated  nerves  entering  the  gland 
form  plexuses  about  the  larger  arteries,  which  are  less  dense  around 
the  smaller  arterial  branches.  Some  of  these  nerve-fibers  are  vascular 
nerves  and  end  on  the  vessels  ;  others  form  perifollicular  meshes 
surrounding  the  follicles  of  the  gland.  From  the  network  of  nerve- 
fibers  about  the  follicles,  Berkley  was  able  to  trace  fine  ner\'e  fila- 
ments which  seemed  to  terminate  in  end-knobs  on  or  between  the 
epithelial  cells  lining  the  follicles.  Even  in  the  l>est  .stained  prepa- 
rations, however,  not  nearly  all  the  follicular  cells  possess  such  a 
nerve  termination.  In  mctliylene-blue  preparations  of  the  thyroid 
gland  (Dr.  De  Witt)  some  few  medullated  fibers  were  found  in  the 
nerve  plexus  surrounding  the  vessels.  In  a  number  of  preparations 
the.se  were  traced  to  tclodendria  situated  in  the  adventitia  of  the 
vessels,  showing  that  at  least  a  portion  of  these  meduliated  nerves 
are  sensory  nerves  ending  in  the  walls  of  ^he  vessels. 
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PARATHYROID  GLANDS. 
Small  glandular  structures  found  on  the  posterior  surfaces  of  the 
lateral  lobes  of  the  thyroid  were  discovered  by  Sandstroni  in  1880. 
They  are  surrounded  by  a  thin  connective-tissue  capsule  and  divided 
into  small  imperfectly  developed  lobules  by  a  few  thin  fibrous-tissue 
septa  or  trabeculre,  which  support  the  larger  vessels.  The  epithelial 
portions  of  these  structures  consist  of  relatively  large  cells  and  capil- 
lary spaces.  According  to  Schaper  (95).  who  has  recently  subjected 
these  structures  to  a  careful  investigation,  the  epithelial  cells  have 
a  diameter  w^hich  varies  from  10  /*  to  12  //,  possessing  nuclei  4 /i 
in  diameter.  These  cells  are  of  polygonal  shape  and  have  a  thtn 
cell-membrane,  a  slightly  granular  protoplasm,  and  a  nucleus  pre- 
senting a  delicate  chromatic  network.  The  cells  are  arranged  either 
in  larger  or  smaller  clusters  or,  in  some  instances,  in  anastomosing 
trabecular  or  columns,  consisting  cither  of  a  single  row  or  of  several 
rows  of  cells.   Between  the  clusters  or  columns  of  cells  are  found  rela- 


Fig.  258. — From  parathyroid  of  man. 

tively  large  capillaries,  the  endothelial  lining  of  which  rests  directly 
on  tile  epithelial  cells.  Connective-tissue  fibrils  do  not,  as  a  rule, 
follow  the  capillaries  between  the  cell-masses,  These  ve.ssels  may 
tlierefore  be  rt-gardcd  as  sinusoids  (Minnt).  The  structure  of  the 
parathyroid  resembles  in  many  respects  that  of  certain  embryonic 
stages  of  the  thyroid,  and  it  has  been  suggested  that  these  bodies 
represent  small  masses  of  thyroid  gland  tissue,  retaining  their  em- 
bryonic structure.  Schaper  has  observed  parathyroid  tissue,  the 
cells  of  which  were  here  and  there  arranged  in  the  form  of  small 
follicles,  some  of  which  contained  colloid  sub.stance.  Such  obser- 
vations lend  credence  to  the  view  regarding  the  paratliyroid  as  an 
embryonic  structure.  Whether  in  this  stage  they  form  a  special 
secretion  has  not  been  fully  determined.     (See  Schaper,  95.) 

31 


322 


ORGANS    OF    RESPIRATION. 


TECHKIC- 

For  the  demonstration  of  the  larynx  and  trai'hfd,  young  and 
healthy  subjects  should  lie  selected.  Pieces  of  the  mucous  membrane  or 
the  whole  organ  should  be  immersed  in  a  fresh  condition.  Sections 
through  the  entire  organ  present  only  a  general  structural  view  j  but  if 
a  close  examination  of  accurately  fixed  nmcous  membrane  be  desired,  the 
latter  should  be  removed  with  a  razor  before  sectioning  and  treated 
separately. 

Chromic-osmic  acid  mixtures  are  recommended  as  fixing  agents, 
and  safranin  as  a  stain.  Besides  the  nuclear  differentiation,  the  goblet  cells 
stain  brown,  and  the  elastic  network  of  the  stratum  proprium  and  the 
submucosa  a  reddish -brown. 

For  examining  the  epithelium,  isolation  methods  are  employed,  such 
as  the  yi  alcohol  of  Ranvier. 

The  examination  of  the  respiratory  epithelium  is  attended  with 
peculiar  difficulty  ;  it  is,  perhaps,  best  accomplished  by  injecting  a 
0,5*^  solution  of  silver  nitrate  into  the  bronchus  until  the  lumen  is 
completely  filled,  and  then  placing  the  whole  in  a  o.^^jc  solution  of  the 
same  salt.  After  a  few  houre,  wash  with  distilled  water  and  transfer  to 
70^  alcohol.  Thick  sections  are  now  cut  and  portions  of  the  respiratory- 
passages  examined  ;  the  silver  lines  represent  the  margins  of  the  epithe- 
lial cells.  Such  sections  should  not  be  fastened  to  the  slide  with  albumen, 
as  the  latter  soon  darkens  and  blurs  the  picture.  These  specimens  may 
also  be  stained. 

For  the  elastic  fibers,  especially  those  of  the  alveoli,  fi.xation  in 
Mijller's  fluid  or  in  alcohol  and  staining  with  orcein  is  a  good 
method,  as  also  Wcigcrt's  diflerenlial  elastic  tissue  stain.  Fresh  pieces 
of  hmg  tissue  treated  with  potassium  hydrate  show  numerous  isolated  elastic 
fibers. 

Pulmonary  tissue  may  be  treated  by  Golgi's  method,  which 
brings  out  a  reticular  connective-tissue  structure  in  the  vessels  and  alveoli. 

The  pxilmonarj-  vessels  may  be  injected  with  comparative  ease. 

The  thxroid  t^/anJ  is  best  fixed  in  Flemming's  solution  ;  it  is 
then  stained  with  M.  Heidenhain's  hematoxylin  solution  or,  better  still, 
with  the  Khrlich-Biondi  mixture  which  differentiates  the  chief  from  the 
colloid  cells  ;  the  former  do  not  stain  at  all,  while  the  latter  appear  red 
with  a  green  nucleus  (Langendorff).  The  colloid  sut>stance  of  the  thy- 
roid gland  does  not  cloud  in  alcohol  or  chromic  acid,  nor  does  it  coagu- 
late in  acetic  acid,  but  swells  in  the  latter  ;  ^y/(  potassium  hydrate 
hardly  causes  the  colloid  material  to  swell  at  all,  though  in  weaker  solu- 
tions it  dissolves  after  a  long  time. 
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,  Artery. 


Vein. 1 


F^g-  259- — 'Kidney  of  new-born  infantt  showing  * 
distinct  sepamlion  imo  reniculi ;  natural  size.  At  a  is 
seen  the  consohdation  of  two  adjacent  reniculi. 


A.  THE  URINARY  ORGANS. 

J.  THE  KTONEY. 

The  kidney  is  a  branched  tubular  lobular  gland,  which  in  man 
consists  of  from  ten  to  fifteen  nearly  equal  divisions  of  pyramidal 
shape  known  as  the  renai  hdcs.  The  apex  of  each  pyramid  (the 
Malpighian  pyramid)  projects  into  the  pelvis  of  the  kidney.  The 
kidney  is  surroimded 
by  a  thin  but  firm  cap- 
sule consisting  of  fib- 
rous connective  tissue 
containing  a  few  elas- 
tic fibers  and,  in  its 
deeper  portion,  a  thin 
layer  of  nonstriated 
muscle-cells. 

The  secreting  por- 
tion is  composed  of  a 
large  number  of  tubules  twisted  and  bent  in  a  definite  and  typical 
manner,  the  urinifcrmts  tubules.  In  each  one  of  these  tubules  we 
distinguish  the  following  segments  :  (i)  Bmvmaus  capsule,  or  the 
ampulla,  surrounding  a  spheric  plexus  of  capillaries,  the  glomerulus^ 
which,  with  the  capsule  of  Bowman,  forms  a  Malpighian  corpuscle ; 
(2)  a  proximal  com'oluted  portion  ;  (3)  a  U-shaped  portion,  con- 
sisting of  straight  descending  and  ascending  limbs  and  the  loop 
of  Hcnle ;  (4)  a  distal  convoluted  portion  or  intercalated  portion  ; 
and  (5)  an  arched  collecting  portion  ;  from  the  confluence  of  a  num- 
ber of  these  are  formed  the  larger  straight  collecting  tubidcs,  which, 
in  turn,  finally  unite  to  form  the  papillary  ducts  or  tubules  of 
Bellini,  which  pass  through  the  renal  papilh'e  and  empty  into  the 
renal  pelvis.  Besides  the  uriniferous  tubules  the  kidney  con- 
tains a  complicated  vascular  system,  a  small  amount  of  connective 
tissue,  etc. 

In  a  longitudinal  median  section  the  kidney  is  seen  to  be  com- 
posed of  two  substances.- — the  one,  the  medullary  substance,  pos- 
sessing relatively  few  blood  capillaries  and  containing  strafght 
collecting  tubules  and  the  loops  of  Henle  ;  the  other,  the  cortical 
substance,  richer  in  blood-vessels,  and  containing  principally  the 
Malpighian  corpuscles  and  the  proximal  and  distal  convoluted  tu- 
bules. In  each  renal  lobe  we  find  these  two  substances  distributed 
as  follows  :  The  Malpighian  pyramid  consists  entirely  of  medullary 
substance,  which  sends  out  a  large  number  of  processes,  the  medul" 
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lary  rajs,  or  pyramids  of  ft-rnui,  toward  the  surface  of  the  kidney. 
The  latter  do  not,  however,  quite  reach  the  surface,  but  terminate  at 
a  certain  distance  below  it ;  they  are  formed  by  collecting  tubules 
which  extend  beyond  the  medullary'-  substance.  The  entire  remain- 
ing portion  of  the  kidney  is  composed  of  cortical  substance  ;  be- 
tween the  medullar}^  rays  it  forms  the  cortical  procisses,  and  at  the 
periphery  of  the  kidney,  where  the  medullaiy  rays  are  absent,  the 
cortical  labyrinth.  Those  portions  of  the  cortical  substance  sep- 
arating the  Malpighian  pyramids  are  known  as  the  columns  of 
Berttm,  or  septa  renis. 


f ..... 


—  6 


B  C 


Fig.  260. — Isolated  uriniferous  tubules :  A  and  B,  from  mou-ie ;  C,  from  turtle. 
In  all  three  figures  a  rfpre<ienls  the  Malpighi&n  corpuscle ;  ^,  the  proximal  cuii%-oluied 
tubule;  <•,  the  descending  lirab  of  Hente^s  loop;  d^  Henle's  loop;  ^,  ihe  straight  col- 
lecting tubule  ;  /,  the  arched  collecting  tubule. 


The  various  segments  of  the  urinifcrous  tubule  are  characterized 
by  their  shape  and  size  and  by  their  cpithchal  lining. 

The  Malpighian  corpuscle  has  a  diameter  of  from  1 20  m  to  220 /<. 
The  capsule  surrounding  the  glomerulus  consists  of  two  layers, 
which  are  to  be  distinguished  from  each  other  when  its  relation  to 
the  glomerulus  is  taken  into  consideration.  The  capsule  forms  a 
double-walled  membrane  around  the  glomerulus ;  a  condition 
which  is  easily  understood  by  imagining  an   invagination  of  the 
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glomerulus  into  the  hollow  capsule.  Between  the  inner  wall  cov- 
ering the  surface  of  the  glomerulus  (glomerular  epithelium)  and  the 
outer  wall  (Bowman's  capsule)  there  remains  a  cleft-like  space 
which  communicates  witli  the  lumen  of  the  corresponding  urinifer- 
ous  tubule.  In  the  adult  the  glomerular  epithelium  is  very  flat, 
with  nuclei  projecting  slightly  into  the  open  space  of  the  Malpig- 
hian  corpuscle.  The  epithelium  of  the  outer  wall  is  somewhat 
higher,  but  still  of  the  squamous  type.  The  capsule  of  Bowman 
communicates  with  the  proximal  convoluted  tubule  by  means  of  a 
short  and  narrow  neck.     Its  epithelium  passes  over  gradually  into 
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Fig.  261, — MediaB  tong:itijdinal  section  of  iidult  human  kidney;  nine-tenths  natural 
size.  In  the  peripheral  portion  the  limits  between  its  renal  lobes  are  no  longer  recogniz- 
able. 


the  cubical  epithelium  of  the  neck,  which,  in  turn,  merges  into  that 
of  the  proximal  convoluted  tubule. 

The  proximal  convoluted  portion  is  from  40  p.  to  70  /J  in  diameter 
and  is  lined  by  a  single  layer  of  irregular  columnar  cells,  the 
boundaries  of  which  are  made  out  with  difficulty.  The  structure- 
of  these  cells  has  been  studied  in  recent  years  by  a  number  of  in- 
vestigators, among  whom  may  be  mentioned  Disse,  whose  account 
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is  here  followed.  In  the  epitlielial  cells  of  the  proximal  convoluted 
portion  there  may  be  recognized  an  outer  or  basal  portion  of  the 
cells,  in  wiiich  there  is  found  a  spontjiopiastic  network  with  rectan- 
gular meshes,  with  cytoreticular  fibrils  running  jjarallel  and  at 
right  angles  to  the  basement  membrane.  In  the  meshes  of  this 
network  there  is  found  h\'aloplasm.  The  cytoreticular  fibrils  which 
are  at  rigiit  angles  to  the  basement  membrane  contain  numerous 
granules,  giving  the  basal  portions  of  the  cells  a  striated  appear- 
ance. The  inner  portions  of  the  cells  contain  a  cjloreticulum  and 
hyaloplasm;  tl)c  reticular  fibrils  do  nut,  however,  contain  granules^ 
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Fig.  262. — From  section  of  cortical  siib.Mance  of  human  kidney;  X  240:  a.  Epi- 
thelium of  Howman'!i  capsule;  b  und  ti\  luembrana  propria;  t,  glomerular  epithelium; 
r,  hlood  vessels  ;  /,  lobe  of  the  glomerulus;  ^,  commeacement  uf  uriniferous  tubule  ; 
A,  epitheliura  of  the  neck  ;  1,  epithelium  of  proximal  convoluted  tubule. 


the  inner  portions  of  the  cells  presenting,  therefore,  a  much  less 
striated  appearance  than  the  outer  portions.  In  tissues  not  well 
fixed  there  is  often  observed  in  the  cells  a  free  border  which  presents 
the  appearance  of  being  made  of  stiff  fibrils  or  coarse  and  short 
cilia,  which  has  been  interpreted  as  a  distinctive  structure.  Such  a 
striated  border  is  in  all  probability  a  result  of  partial  disintegration 
or  maceration  of  the  cells.  The  nucleus  of  these  cells  is  of  nearly 
spheric  shape  and  is  situated  in  the  inner  part  of  the  basal  portions 
of  the  cells.  The  ceils,  especially  in  their  inner  non-striated  regions, 
are  so  intimately  connected  tliat  the  cell  limits  are  not  always  dis- 
tinguishable.     In  the  guinea-pig  the  basal  regions  of  the  lateral 
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surfaces  of  the  cells  constituting  the  epithelium  of  the  proximal 
convoluted  portion  present  numerous  projections  which  interlock 
•and  give  to  a  surface  view  an  irregular  fringe-like  outline.  In  cross- 
section  the  cells  appear  to  be  striated  from  their  bases  upward  to 
the  middle  of  the  nucleus.  Here,  however,  the  striation  is  without 
doubt  due  to  the  outlines  of  the  irregular  ridges.  (Fig.  264.) 
These  structural  relations  ha%e  lately  been  confirmed  in  the  case 
of  the  guinea-pig,  and  also  found  to  hold  true  for  man  (Landauer). 
This  striation  is  much  coarser  than  that  found  in  the  basal  portions 
of  the  cells,  but  both  are,  under  certain  circumstances,  seen  together. 


•  Nuclei  of  en- 
d  o  t  h  e  I  i  a  1 
cells  o(  blood 
capillaries. 

.  Lamen  of 
uriniferous 
tubule. 

-Striated 
border. 


Fig.  363. — Section  of  proximal  convoluted  tubules  from  man  ;     X  5^- 

The  proximal  convoluted  portion  of  the  uriniferous  tubule,  before 
it  terminates,  passes  over  into  a  straighter  {x)rtion,  which  gradu- 
ally becomes  smaller  in  diameter,  and  is  situated  in  the  medullary 
rays.  This  portion  of  the  uriniferous  tubule,  which  is  sometimes 
designated  as  the  spiral  scgmcHt  of  Schachowa,  or  again  as  the  end 
segment  of  Argutinski,  is  hned  by  an  epitheUum  which  is  similar 
to  that  of  the  proximal  convoluted  portion,  as  above  described. 
The  attenuated  end  of  the  spiral  segment  is  continuous  with  the 
descending  limb  of  Henle's  loop. 

The  dt'sc ending  limb  of  Henle's  loop,  from  9/1  to  i  5  /j  in  diameter, 
is   narrow  and   possesses   flaltened  epithelial   cells,  the  centers  of 
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from  25  /i  to  2S  ft  in  diameter,  possesses  a  columnar  epithelium 
similar  to  that  of  the  proximal  convoluted  portion.  Here,  however, 
the  basal  .striation  of  the  cells  is  not  so  distinct,  the  lumen  is  some- 
what larger  than  that  of  the  descending  limb,  and  by  treatment 
with  certain  reagents  the  epithelium  may  often  be  separated  as  a 
whole  from  the  underlying  basement  membrane. 

The  distal  ionvolutcd  or  intercalated  portion  (segment  of 
Schwcigger-Seidel),  from  39  /i  to  45  /i  in  diameter,  is  only  slightly 
curved  (2  to  4  convolutions).  Its  epithelium  is  relatively  high, 
though  not  so  high  as  that  lining  the  proximal  convoluted  portion 
and  not  so  distinctly  striated,  though  contarnitig  numerous  granules. 
The  cells  are  provided  with  large  nuclei  and  their  basal  portions  are 
joined  by  interlacing  projections. 
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Fig.   266.— Section  of  medulla  'f  human  Icidnej ;    V  about  300:  a,  «,  rt.  Ascending 
Wmh  of  Uenlc's  loop  ;  b,  /',  A,  l)linKl  vessels ;  e,  c,  c,  dcscciHiinu  lirnb  i»f  Henle's  loop. 

The  next  important  segment  is  the  &hort  arched  collecting  portion, 
which  has  nearly  cubical  epithelial  cells  and  a  lumen  somewhat  wider 
tlian  that  of  the  intercalated  tubule.  The  smaller  straight  collecting 
tubules  have  a  low  columnar  epithelium  with  cells  of  somewhat  ir- 
regular shape,  the  basal  portions  of  which  arc  provided  with  short, 
irregular,  intertwining  processes,  which  serve  to  hold  the  cells  in 
place.  The  diameter  of  the  collecting  tubules  measures  from  45/4 
to  75//. 
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In  the  larger  collecting  tubules  the  epithelium  is  more  regular 
and  becomes  hig^her  as  the  tube  widens,  These  tubules  gradually 
unite  within  the  Malpighian  pyramid  and  the  regions  adjacent  to 
the  columns  of  Bertini  to  form  I  5  to  20  papillar>'  ducts  from  200  fi 
to  300  n  in  diameter.  The  latter  have  a  high  columnar  epithelium, 
and  emptj^  into  the  pelvis  of  tlie  kidney  at  the  af>ex  of  tlie  papilla. 
fiirming  the  fonimtua  papiltaria  in  an  area  known  as  tlie  area 
cribrosa. 

Besides  the  ej)ithelium.  the  uriniferous  tubules  possess  an  ap> 
p.ircntly  structureless  membrana  propria,  that  of  the  collecting 
tubules  being  very  thin.  This  membrane  may  be  isolated,  as  has 
hern  shown  by  F.  P.  Mall,  K)y  macerating  frozen  sections  in  a  cold 
.•".atu rated  solution  of  bichromate  of  soda  for  several  days.  This 
membrane  is  digested  in  pancreatin. 

Papillary  duct. 
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Fig.  267. — From  longituilinol  section  through  papilla  of  injected  kidney ;  X  4*^  =  "»  ^pi* 

thcliutn  of  collecting  tubule  under  greater  magnification. 


Hctwcen  the  Malpii^hian  pyramids  are  found  the  columns  of 
Ju'rtini,  preserjting  a  structure  similar  to  that  of  the  cortex  of  the 
kidney,  and  extending  to  the  hiium  of  the  kidney. 

Hetween  the  uriniferous  tubules  and  surrounding  the  blood- 
vessels of  the  kidney  there  is  found  normally  a  small  amount  of 
.stroma  tissue,  consisting  ui  white  fibrous  and  reticular  fibers,  elastic 
fibers  being  found  in  connection  with  the  blood-vessels  (F,  K  Mall, 
Kiihic).  Between  the  convoluted  portions  of  the  tubules  this  is 
pre-sent  only  in  small  quantity,  the  fibrils  being  felted  to  form 
sheaths  for  the  tubules  ;  a  somewhat  greater  amount  being  found 
in  the  neighborhood  of  the  Malpighian  corpuscles,  in  the  boundary 
zone  between  tiie  cortex  and  medulla  and  between  the  larger  col- 
lecting tubules  in  the  apices  of  the  Malpighian  pyramids. 

I''rom  vvh«t  has  been  said  concerning  the  uriniferous  tubule  it 
must  be  evideivt  that  its  course  is  a  very  tortuous  one.     Beginning 
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with  the  Malpighian  corpuscles,  situated  in  the  cortex  between  the 
mcduilar)'  rays,  the  tubule  winds  from  the  cortex  to  the  medulla 
and  back  again  into  tlic  cortex,  where  it  ends  in  a  collecting  tubule, 
which  passes  to  the  medulla  to  terminate  at  the  apex  of  a  Malpig- 
hian pyramid.  The  different  portions  of  the  tubules  have  the 
following  positions  in  the  kidney  :  In  the  cortex  between  the  medul- 
lary rays  arc  found  llie  Malpighian  corpuscles,  the  neck,  the  proxi- 
mal and  distal  convtjluted  portions  of  the  uriniferous  tubule,  and  the 
arched  collecting  tubules.  The  medullary  rays  are  formed  by  the 
cortical  portions  of  the  straight  collecting  tubules  and  a  portion  of 
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Fig-  268. — Section  throuuh  juncii'>n  of  luo  l.timles  o|  ktiiney,  showing  iheir 
cualescence  ;  from  Ticw-born  infont. 


the  descending  and  ascending  limbs  of  Henle's  loops.  The  me- 
dulla is  made  up  mainly  of  straight  collecting  tubules  of  various 
sizes  and  of  the  descending  and  ascending  limbs  and  loops  of 
Henle's  loops,  the  latter  being  often  found  in  the  boundary  zone 
between  tlic  cortex  and  medulla.  (See  Fig.  266.)  The  ascending 
limb  of  Henle's  loop  of  each  uriniferous  tubule,  after  it  enters  the 
cortex,  comes  into  close  proximity  with  the  Malpighian  corpuscle 
of  the  respective  uriniferous  tubule. 
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The  blood-vessels  of  the  kidney  have  a  characteristic  distribu- 
tion, and  arc  in  the  closest  relationship  to  the  uriniferous  tubules. 

The  renal  artery,  as  has  been  shown  by  Br6del,  divides  at  the 
hilum  on  an  average  into  four  or  five  branches,  about  three-fourths 
of  the  blood-supply  passing  in  front  of  the  pelvis,  while  one-fourth 
runs  posteriorly.  Tlie  portion  of  the  kidney  supplied  by  tlie  anterior 
branches  is  in  its  blood-supply  quite  distinct  from  that  supplied  by  the 
pc)sterior  branches;  the  one  set  of  branches  do  not  cross  over  to  the 
other.  The  two  ends  of  the  kidney  arc  supplied  by  an  anterior 
and  a  posterior  branch,  each  of  which  generally  divides  into  three 
branches,  which  pass  respectively,  one  anteriorly,  one  posteriorly, 
and  one  around  the  end  of  the  uppermost  and  the  lowest  calyx. 

The  main  branches  of  the  renal  aiter)'-  give  off  lateral  branches 
to  the  renal  pelvis,  supplv^ing  its  mucous  membrane  and  then 
breaking  up  into  capillaries  which  extend  as  far  as  the  "area  crib- 
ro.sa."  The  venous  capillaries  of  this  region  empty  into  veins 
which  accompany  the  arteries.  Besides  these,  other  arteries  origi- 
nate from  the  principal  branches,  or  from  their  immediate  offshoots, 
and  pass  backward  to  supply  the  walls  of  the  renal  pelvis,  the 
renal  capsule,  and  the  ureter.  The  main  trunks  themselves  pene- 
trate at  the  hilum,  and  divide  in  the  columns  of  Bcrtini  to  form 
arterial  arches  (arteriae  arciformes)  which  extend  between  the  cortical 
and  medullary  substances.  Numerous  vessels,  the  intralobular 
arteries,  originate  from  the  arteria;  arciformes  and  penetrate  into  the 
cortical  pyramids  between  the  medullary  rays.  Here  they  give  off 
numerous  twigs,  each  of  which  ends  in  tlie  glomerulus  of  a  Mal- 
pighiaii  corpuscle.  These  short  lateral  twigs  are  the  vasa  afferentia, 
Kacli  glomerulus  is  formed  by  the  breaking  down  of  its  aflerent 
vessel,  which,  on  entering  the  Malpighian  corpuscle,  divides  into  a 
number  of  branches,  five  in  a  glomerulus  of  a  child  three  months 
old  reconstructed  by  W,  B.  Johnston,  eacli  in  turn  subdtviiiing  into 
a  capillary  net.  From  each  of  these  nets  the  blood  passes  into 
a  somewhat  larger  vessel  constituting  one  of  the  branches  of  the 
efferent  vessel  which  carries  the  blood  away  from  the  glomerulus. 
Since  the  afferent  and  efferent  vessels  lie  in  close  pro.ximity,  the 
capillary  nets  connecting  them  are  necessarily  bent  in  the  form  of 
loops.  The  groups  of  capillaries  in  a  glomerulus  are  separated  from 
each  other  by  a  larger  amount  of  cortnective  tissue  than  separates 
the  capillaries  themselves,  so  that  the  glomerulus  may  be  dixided 
into  lobules.  In  shape  the  glomerulus  is  spheric,  and  is  covered 
by  a  thin  layer  of  connective  tissue  over  which  lies  the  inner  mem- 
brane of  the  capsule,  the  glomerular  epithelium.  On  its  exit  from 
the  glomerulus  the  vas  efferens  separates  into  a  new  system  of 
capillaries,  which  grailuall}'  becomes  venous  in  character  Thus,  the 
capillaries  which  form  the  glomerulus,  together  with  the  vaseflTerens. 
arc  arterial,  and  may  be  included  in  the  category  of  the  so-called 
arterial  retia  mirabilia.  Those  capillaries  formed  by  the  vas  efferens 
after  its  e.xit  from  the  Malpighian  coqjuscle  lie  both  in  the  medullary 
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rays  and  in  the  cortical  pyramids.  The  meshes  of  the  capillary  net- 
works distributed  throu<,^hout  the  medullary  rays  are  considerably 
longer  than  those  of  the  networks  supplying  the  cortical  pyramids 
and  labyrinth,  the  latter  being  quadrate  in  shape.  The  glomeruli 
nearest  the  renal  papilla:  give  ofiflonger  vasa  effereiitia  which  extend 
into  the  papillary  region  of  the  Malpighian  pyramids  (arteriolae 
rectEE  spurise)  and  form  there  capillaries  which  ramif)'  throughout 
the  papillae  with  oblong  meshes. 
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Fig.  2^19 — Diagrammatic   scheme  of  uriniferous  tubules  and  blocxl-vesscls  of  kidney. 
L>rttwa  in  part  from  the  descripticrii&  of  Golubew. 

Arteria!  retia  mirabilia  also  occur  in  the  course  of  the  vasa 
afierentia  between  the  intralubular  arteries  and  the  L,'lomeruli,  but 
nearer  the  latter.  Each  is  formed  by  the  breaking  down  of  the  small 
afferent  vessels  into  from  two  to  four  smaller  branches,  which  then 
reunite  to  pass  on  as  a  single  vessel.  In  structure  these  retia  differ 
greatly  from  tiic  glomeruli  in  that  here  the  resulting  twigs  are  not 
capillaries  and  have  nothing  to  do  with  the  secretion  of  urine 
(Golubew). 

From   the  vasa  afferentia  arterial  twigs  are  occasionally  given 
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cift,  which  break  down  into  capillaries  within  the  cortical  substance. 
Other  arteries  originate  from  the  lower   portion  of  the  intralob- 
ular •irterics  t>r  fi>>ai  the  arciform   arteries   themselves  and    enter 
the    nH-ilullary    suhstance,   where    they   form    capillaries.      These 
vrM^ch  constitute  the  so-called  ••  arteriolar   rectae  verae."      Their 
rrtpill»ir\'  !«ystem  is  in  direct   communication  with   the   capillaries 
ol  the  vana  aftcrcntia  and  "  vasa  recta  spuria."     The  intralobular 
^  ArlcricM  are  not  futin-ly  exhausted  in  supplying  the  vasa  afferentia 
which  prt.H.s  to  tlif  ^flomcruli.     A  few  extend  to  the  surface  of  the 
kidney  and  penetrate   into  the  renal  capsule,  where  they  termin- 
«le   in    capillaries  which    communicate  with   those   of  the    recur- 
rent,   Hupraienal,    and    phrenic   arteries,    etc.      Smaller    branches 
finni    these    l.itier    vessels    may   penetrate    the   cortex   and   form 
IjlnHieiuli  i»i  their  own  in  the  renal  parenchyma  (arteria:  capsulares 
[jloincirullfeni;).     These  relations,  first  described  by  Golubew,  are 
[of  hnpoitnnce  not  only  in  the  establishment  of  a  collateral  circula- 
||mm.  Itut  al*.o  as  a  partial  functional  substitute  in  case  of  injury  to 
hli(i  ivnal  witcries.     Hie  same  author  also  confirms  the  statements 
(il   I  (oyer  {^7)  and  (ieberg,  that  between  the  arteries  and  veins  of 
111*'  l<lilney,  ii\  the  cortical  substance,  in  the  columns  of  Bertini,  and 
fit  I  In-  biiHi'rt  of  the   Malpi*,'hian   pyramids,  etc.,  direct  anastomoses 
*l»mut  hv  ixudm  of  pit-eapillary  twij^s. 

I'lonHhe  I  apilt.irics  the  venous  blood  is  gathered   into  small 

\v{\\n  whlih  \u\:k>i  out  tVoni  the   region  of  the  medullarj'  rays  and 

rnilli  (il  pyiumitlH  and  unite  to  form  the  ^'intralobular  veins."    These 

htU'i'  iin  anunncHienl  .similar  to  that  of  the  corresponding  arteries. 

[i  III'  viMvoitu  lilood  of  the  labyrinthian  capillaries  also  flows  into  the 

|jti(iiilnliuL(i  vt  Mu*,  and  as  a  result  a  peculiar  arrangement  of  these 

V«''«*'«'l'«  1*  ««'«'•»  »'t   the  surface  of  the  kidney  where  the  capillaries 

|liii«iH  iiuIIhIIv  toward  the  terminal  branches  of  the  intralobular  veins 

|«Hd  louM  the  »ihU.ilf  tlguies  known  as  the  vcnw  stdlaUc.     This  sys- 

[tiut  Ih  aJNo  lonnritiil  \\\\\\  those  venous  capillaries  of  the  capsule 

I  Willi  h  do  not  empty  into  the  veins  accompanying  the  arteries  of  the 

rn|»*uh>,       riio  rftptllary  system  of  the  Malpighian  pyramids  unites 

to  (iiMU  vriji«i.  Ilir  "  vcmda*  rect<-e,"  which  empty  into  the  venous 

iMti  h>  N  (vi-Uii   aiiitoirnc.H)  which  lie  parallel  with  and  adjacent  to  the 

loionpontlin^'  aitene-*       I  he  larger  veins  are  found  side  by  side 

with  the  nrtrrl««i»  nnd  iwijih  out  al  the  hilum  of  the  organ. 

I  \n)[ilMlie«  of  the  kidney  may  be  divided  into  superficial 
Ivmiiliidir  vrniirU,  nituutcd  in  the  capsule,  and  deep  ones,  found  in 
ithi  'uibwt.tn.  r  ••!  t hi- kidney  The  deep  lymphatic  vessels  need  to 
be  invrMi>;at'  d  hntlier.  I'hey  form  a  network  of  closed  lymphatic 
VPStrN  throughout  the  cortex.  These  empty,  according  to  Rin- 
downky.  Into  lar^^er  lymphatic.H,  wiiich  follow  the  intralobular  ves- 
liifU,  rtml.  nrcofduig  t«^  Stahr,  into  larger  vessels  situated  in  the 
ni'dtdlary  rayn.  The  lymphatic  vessels  of  the  kidney  proper 
(deep  vcH.Hcla)  leave  this  organ  at  the  hilum. 

The  kidneys  receive  their  innervation  through  nonmedullated 
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and  medullated  nen^e- fibers.  The  former  accompany  the  arteries 
and  may  be  traced  along  these  to  the  Malpighian  corpuscles. 
From  the  plexuses  surrounding  the  vessels  small  branches  are 
given  off,  which  end  on  the  muscle-cells  of  the  media.  According  to 
Berkley,  small  nerve-fibrils  may  be  traced  to  the  uriniferous  tubules, 
which  pierce  the  membrana  propria  and  end  on  the  epithelial  cells. 
Smirnow  has  also  traced  nerve-fibers  to  the  epitheh'al  cells  of  the 
uriniferous  tubules  and  the  Malpighian  corpuscles.  Dogiel  has 
shown  that  medullary  (sensory)  nerve-fibers  terminate  in  the 
adventitia  of  the  arteries  of  the  capsule. 

The  secretor>'  processes  of  the  kidney  can  be  considered  only 
briefly  in  this  connection.  The  tlieories  concerning  uriniferous 
secretion  may  be  grouped  under  two  heads  :  namely,  the  theory 
of  C.  Ludwig,  who  believed  that  all  the  constituents  of  the  urine 
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Fig.  270. — A^  Direct  anastomosis  between  (in  artery  and  vein  in  a  cnlumn  of  Bertin 
of  child  ;  B^  bipolar  rete  mirabile  inseried  in  the  course  of  an  arteriaJl  twig.  Dog's 
kidney  Rafter  Golubew). 


leave  the  blood  through  the  glomeruli,  entering  the  uriniferous 
tubules  as  a  urine  containing  a  large  percentage  of  water,  which 
is  concentrated  in  its  passage  through  the  uriniferous  tubule  by 
the  absorption  of  water  ;  while  according  to  the  theory  of  Bowman, 
and  later  Heidenhain,  only  the  water  and  inorganic  salts  leave  the 
blood  through  the  glomerulus,  and  that  in  the  proportion  found  in 
the  urine,  while  the  urea  is  secreted  by  tiie  epithelial  cells  of  the 
uriniferous  tubules,  and  mainly  in  those  portions  of  the  tubules 
possessing  a  striated  epithelium.  The  majorit}'  of  writers  who 
have  considered  the  question  of  urinar)''  excretion  have  directly  or 
indirectly  expressed  themselves  as  adherents  to  one  or  the  other 
of  the  above  theories.  A  number  of  recent  observers  have  departed 
somewhat  from  either  of  the  above  theories,  and  of  these  we  may 
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mention  especially  the  careful  researches  of  Cushny,  who  brings 
forth  strong  proof  to  show  that  with  the  fluid  passing  through  the 
glomerular  epithelium  tliere  are  carried  certain  salts  and  uiea,  the 
salts  and  urea  in  the  projjortion  in  which  they  occur  in  the  blood- 
plasma,  and  that  in  passage  tin'ough  the  uiiniferous  tubules  a  cer- 
tain percentage  of  the  fluids  and  certiiin  salts  are  again  absorbed, 
tlic  salts  in  proportion  to  their  diffusibility  or  their  permeability  of 
the  renal  cells. 

The  j^ermanent  kidney  is  developed  as  early  as  the  fifth  week  of 
embryonic  life.  The  renal  anlagen,  from  which  the  epilhelium  of 
the  ureter,  renal  pelvis,  and  a  portion  of  tlie  uriniferous  tubules  is 
formed,  oriijinate  from  the  median  portion  of  the  posterior  wall  of 
the  Wolffian  duct.  These  buds  grow  witli  their  blind  ends  ex- 
tending anteriorly,  and  are  soon  surrounded  by  cellular  areas,  the 
blastema  of  the  kidneys.  After  the  renal  bud  has  become  diflfer- 
entiated  into  a  narrow  tube  (the  ureter)  and  a  wider  central  cavity 
(the  renal  pelvis)  hollow  epithelial  buds  are  developed  from  the 
latter.  These  extend  radially  toward  the  surface  of  the  renal 
anlagen.  where  they  undergo  a  T-shaped  division.  These  latter  are 
the  first  traces  of  the  papillaiy  ducts  and  collecting  tubules.  The 
ends  of  these  T-shaped  divisions  are  surrounded  by  a  cellular  tissue, 
derived  from  the  mesoderm,  which  is  known  as  the  renal  blastema 
or  the  nephrogenic  tissue.  In  this  tissue  there  are  differentiated 
spheric  masses  of  cells,  which  in  their  further  growth  differentiate 
into  S-shaped  structures  one  end  of  which  unites  with  the  ends 
of  the  epithelial  buds,  developed  as  above  described.  The  S-shaped 
structures  acquire  a  lumen  and  form  the  anlagen  of  the  uriniferous 
tubules,  from  the  arched  collecting  tubules  to  and  including 
Bowman's  capsule.  The  ducts  of  the  kidneys,  from  the  papillary'' 
ducts  to  the  collecting  tubules  of  the  medullar)'  rays,  have  their 
origin  from  the  epithelial  buds  which  develop  from  the  side  of  the 
VV'olflRan  ducts,  while  the  uiiniferous  tubules  proper  have  their 
origin  in  the  nephrogenic  tissues. 


2.  THE  PELVIS  OF  THE  KIDNEY.  URETER,  AND  BLADDER. 

The  renal  pelvis,  ureter,  and  urinary  bladder  are  lined  by  strati- 
fied transitional  epithelium.  Its  basal  cells  are  nearly  cubical  ; 
these  support  from  two  to  five  rows  of  cells  of  varying  shaj^.  They 
may  be  spindle-shaped,  irregularly  polygonal,  conical,  or  sharply 
angular,  ant!  provided  with  processes.  Their  variation  in  form  is 
probably  due  to  mutual  pressure.  The  suix^rficial  cells  are  large 
and  cylindric,  a  condition  characteristic  of  the  ureter  and  bladder. 
Their  free  ends  and  lateral  surlaces  are  smooth,  but  their  bases  pre- 
sent indentations  and  projections  due  to  the  irregular  oudines  of  the 
underlying  cells.  The  superficial  cells  often  possess  two  or  more 
nuclei. 
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The  mucosa  often  contains  diffuse  lymphoid  tissue,  which  is  more 
highly  developed  in  the  region  of  the  renal  pelvis.  Here  also 
there  are  found  folds  or  ridges  of  mucosa  which  extend  into  the 
epitlielium  and  present  the  appearance  of  papillae  when  seen  in 
cross-section.  A  few  mucous  inlands  are  also  met  with  in  the 
pelvis  and  in  the  upper  portion  of  the  ureter  in  certain  mammals; 
in    man^   however,   no   typical   glands   arc    found,   although    solid 
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Fig.  371. — Section  of  lower  jjart  of  human  ureter ;    v    140, 


epithelial  buds,  which  extend  into  tlic  mucosa  for  a  distance,  have 
been  described.  The  ureter  possesses  two  layers  of  nonstriated 
inusc!e-fibers^ — the  inner  longitudinal,  tiie  outer  circular.  From  the 
middle  of  the  ureter  downward  a  third  external  muscular  layer  is 
found  with  nearly  longitudinal  fibers. 

The  urinar>'  blatlder  has  no  glands,  and  its  musculature  appar- 
ently consists  of  a  feltwork  of  nonstriated  muscle  bundles,  a  condi- 
22 
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tion  particularly  well  seen  in  sections  of  the  dilated  organ.  But  even 
here  three  indistinct  muscle  layers  may  be  distinguished,  the  outer 
and  inner  layers  being  longitudinal  and  the  middle  circular.  A 
remarkable  peculiarity  of  these  structures  is  the  extreme  elasticity 
of  their  epithelium,  the  cells  flattening  or  retaining  their  natural 
shape  according  to  the  amount  of  fluid  in  the  cavities  which  they 
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Fig.  272. — Transverse  section  of  the  wall  of  the  human  bladder,  giving  a  general 
view  of  its  structure.  >.  15,  e/>.  Epithelium;  tf>,  tunica  propria  or  mucosa  ;  jm,  sub- 
mucosa  ;  j/w,  inner  longitudinal  layer  of  muscle  ;  rm,  circular  layer  of  rousn;le  j  a//«,  CX- 
tenj»l  longitudinal  layer  of  inuacle  ;  /■<;,  tunica  adventitiu. 


line  (compare  London,  Kann),     The  terminal  blood-vessels  of  the 

mucosa  of  the  pelvis  of  the  kidney  deserve  special  mention.  The 
capillaries  arise  from  artcrirdes  which  are  situated  in  tlic  ridges  of 
the  mucosa  above  mentioned.  The  capillaries  are  peculiar  in  that 
they  are  not  completely  surrounded  by  connective  tissue,  but  are 
in  part  embedded  in  the  epithelium,  the  epithelial  cells  resting  on 
the  endothelial  wall  of  the  capillaries  (Disse).  The  blood-vessels 
of  the  bladder  anastomose  in  the  tunica  adventitia.  smaller  branches 
pass  to  the  muscular  tissue.  The  main  stems  of  the  vessels  form 
a  plexus  in  the  submucosa.  from  which  arise  the  cajjillaries  of  the 
mucosa.  The  veins  form  submucous,  muscular,  and  subperitoneal 
plexuses  (Fenwick),  Lymphatic  vessels  are  found  only  in  the 
muscular  coat  and  not  m  tlic  mucosa. 
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The  nerve  supply  of  the  bladder  has  been  studied  by  Retzius, 
Huber,  and  Griinstein  in  the  (rog  and  a  number  of  the  snnaller 
mammalia.  Numerous  sympathetic  ganglia  are  observed,  situated 
outside  of  the  muscular  coat,  at  the  base  and  sides  of  the  bladder. 
The  neuraxes  of  the  sympathetic  neurones  of  these  ganglia  are 
grouped  into  smaller  or  larger  bundles  which  interlace  and  form 
plexuses  surrounding  the  bundles  of  nonstriated  muscle-cells.  From 
these  plexuses  nerve-fibers  are  given  off,  which  penetrate  the  muscle 
bundles  and  end  on  the  muscle-cells.  The  cell -bodies  of-  the  sym- 
pathetic neurones  are  surrounded  by  the  telodendria  of  small 
medullated  fibers,  which  terminate  in  the  ganglia.  Passing  through 
the  ganglia  large  medullated  fibers  (sensory  nerves)  may  be  ob- 
served which  pass  through  the  muscular  coat,  branch  repeatedly 
in  the  mucosa,  and  lose  their  medullary  shcalhs  on  approaching 
the  epithelium  in  which  they  end  in  numerous  telodendria,  the 
small  branches  of  which  terminate  between  tlie  epithelial  cells. 

The  ureters  are  surroundetl  by  a  nerve  plexus  containing  non- 
medullatcd  and  medullated  ner\'e-fibers.  The  former  end  on  cells 
of  the  muscular  layers  ;  the  latter  pass  through  the  muscular  layer, 
and  on  reaching  the  mucosa  branch  a  number  of  times  before  losing 
their  medullary  sheaths.  The  nonmedullated  terminal  branches 
foiTn  telodendria,  the  terminal  fibers  of  which  have  been  traced 
between  the  cells  of  the  lining  epithelium  (Huber). 


R  THE  SUPRARENAL  GLANDS. 

The  suprarenal  gland  is  surrounded  by  a  fibrous-tissue  capsule 
containing  nonstriated  muscIc-ceils,  blood-  and  lymph -vessels, 
nerves,  and  sympathetic  ganglia.  The  glandular  structure  is  divided 
into  a  cortical  and  a  medullary  portion.  In  the  former  are  distin- 
guished three  layers,  according  to  the  arrangement,  shape,  and 
structure  of  its  cells — an  outer  glomerular  zone,  a  middle  broad  fas- 
cicular zone,  and  an  inner  reticular  zone.  According  to  Flint,  who 
worked  in  F.  P.  Malt's  laboratory,  and  whose  account  will  here  be 
followed,  the  framework  of  the  gland  is  made  up  of  reticulum. 
In  the  glomerular  zone  this  reticulum  is  arranged  in  the  form  of 
septa,  derived  from  the  capsule,  which  divide  this  zone  into  more  or 
less  regular  spaces  of  oval  or  oblong  shape.  In  the  fascicular  zone 
the  reticulum  is  arranged  in  processes  and  fibrils  running  at  right 
angles  to  the  capsule.  In  the  reticular  zone  the  fibrils  form  a  dense 
network,  while  in  the  medulla  the  reticular  fibrils  arc  arranged  in 
processes  and  septa  which  outline  numerous  spaces. 

The  gland-cells  of  the  glomerular  zone  are  arranged  In  coiled  col- 
umns of  cells  found  in  the  compartments  formed  by  the  septa  of 
reticulum  above  mentioned.  Tlie  cells  composing  these  columns 
are  irregularly  columnar,  with  granular  protoplasm  and  deepl}'  stain- 
ing nuclei.     In  the  fascicular  zone  the  cells  are  arranged  in  regular 
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columns,  consisting  usually  of  two  rows  of  cells,  and  situated  be- 
tween the  reticular  processes,  which  run  at  right  angles  to  the  cap- 
sule. The  cells  of  this  zone  are  polyhedral  tn  shape,  with  gran* 
ular  protoplasm  often  containing  fat  droplets  and  with  nuclei 
containing  little  cliromatin.  Similar  cells  are  found  in  the  reticular 
zone,  but  here  they  are  found  in  small  groups  situated  in  the  meshes 
of  the  reticulum.  The  cells  of  the  medullary  substance  are  less 
granular  and  smaller  in  size  than  those  of  the  cortex,  and  are 
grouped  in  irregular,  r<:>und,  or  oval  masses  bounded  by  the  septa  of 
reticulum.    The.se  cells  stain  a  deep  brown  with  chromic  acid  and  its 
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Fig.  273. — Section  of  suprarenal  cortex  of  dog ;  X  '*>• 


salts  are  therefore  known  as  chromaffin  cells ;  the  color  cannot  be" 
washed  out  with  water — a  peculiarity  which  shows  itself  even  during 
the  development  of  these  elements,  and  which  is  possessed  by  few 
other  types  of  cells.  Numerous  ganglion  cells,  isolated  and  in 
groups,  and  many  nerve-fibers  occur  in  this  portion  of  the  organ. 
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The  blood-vessels  of  the  suprarenal  glands  are  of  special  interest, 
since  it  has  been  shown  that  the  secretion  of  the  glands  passes 
directly  or  indirectly  into  the  vessels.  The  following  statements 
we  take  from  Flint  :  The  blood-vessels,  derived  from  various 
sources,  form  in  the-  dog  a  poi>rly  developed  plexus,  situated  in  the 
capsule.  From  this  plexus  three  sets  of  vessels  are  derived,  which 
arc  distributed  respectively  in  the  capsule,  the  cortex,  and  the 
medulla   of  the   ^land.     The  vessels  of  the    capsule  divide   into 


iiilv.% 


f^g-  274.— Arrangement  of  the  intrinsic  blood-vessels  in  the  cortex  and  medulla  of 
the  dog's  adrenal  (Fig.  17,  Plate  V,  of  Flint's  article  in  ••Contributions  to  die  Science 
of  Medicine,"  dedicated  to  Professor  Welch,  1900). 


capillaries,  which  empty  into  a  venous  plexus  situated  in  the 
deeper  portion  of  the  capsule.  The  cortical  arteries  divide  into 
capillaries  which  form  networks,  the  meshes  of  which  correspond 
to  the  arrangement  of  the  cells  in  the  different  parts  of  the  cortex, 
encircling  the  coiled  columns  of  cells  in  the  glomerular  zone, 
while  in  the  fascicular  zone  the  capillaries  are  parallel  with  occa- 
sional anastomoses.  These  capillaries  form  a  fine-meshed  plexus 
in  the  reticular  zone  and  unite  in   the  peripheral  portion   of  the 
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medulla  to  form  small  anastomosing  veins,  from  which  the  larger 
veins  are  derived.  The  latter  do  not  anastomose,  and  are  therefore 
terminal  veins.  The  arteries  of  the  medulla  pass  through  the 
cortex  without  giving  off  any  branches  until  the  medulla  is  reached, 
where  they  break  up  into  a  capillary  network  surrounding  the  cell 
masses  situated  here.  The  blood  from  this  plexus  may  be  col- 
lected into  veins  of  the  medulla  \vhich  empty  into  the  terminal 
vein  or  some  of  its  larger  branche.s,  or  may  flow  directly  into 
branches  of  the  venous  tree.  The  endothelial  walls  of  the  capil- 
laries rest  directly  on  the  specific  gland  cells,  with  the  intervention 
here  and  there  of  a  few  reticular  fibrils.  According  to  Pfaundler, 
the  walls  of  the  blood-vessels  of  the  entire  suprarenal  body  consist 
solely  of  the  tunica  intima. 

The  nerves  of  the  suprarenal  glands  have  been  studied  recently 
by  Fusari  and  Dogiel  (94)  ;  the  description  given  by  the  latter  will 
here  be  followed.  Numerous  nerve-fibers,  both  nonmedullated  and 
mcdullated,  arranged  in  the  form  of  a  ple.xus  containing  sym- 
pathetic ganglia,  arc  found  in  the  capsule.  From  this  plexus 
numerous  small  bundles  and  varicose  fibers  enter  the  cortex,  where 
they  form  plc-^uses  surrounding  the  columns  of  cells  or  groups  of 
cells  found  in  the  three  zones  of  the  cortex  and  about  the  vessels 
and  capillaries  of  the  cortex.  The  nerve-fibers  of  these  plexuses  are 
on  the  outside  of  the  columns  and  cell  groups  and  do  not  give 
off  branches  which  pass  between  the  cells.  The  nerve  supply  of 
the  medullary  substance  is  very  rich,  and  is  derived  mainly  from 
large  nerve  bundles  which  pass  from  the  plexus  in  the  capsule  to 
the  medulla,  where  they  divide  and  form  dense  plexuses  which 
surround  the  groups  of  gland-cells  and  veins  ;  from  these  plexuses 
fine  varicose  fibers  pass  between  the  gland-cells,  forming  intercel- 
lular plexuses.  In  the  medulla  there  are  found  in  many  animals 
large  numbers  of  sympathetic  cells,  some  isolated,  others  grouped 
to  form  small  ganglia.  Pericellular  networks  surround  the  cell- 
bodies  of  certain  of  these  sympathetic  cells.  (For  further  informa- 
tion concerning  the  suprarenal  glands  consult  Gottschau,  We! don, 
Hans  Rabl,  C  K.  Hoffmann  (92),  Pfaundler,  Flint,  and  Dogiel.) 


TECHNIC 

Kidney. — ^The  arrangement  of  ihe  conical  and  medullary  portions 
of  the  kidney  is  best  seen  in  sections  of  the  kidney  of  small  Tuamnialia, 
cui  in  ihe  proper  direction,  and,  if  jiossible,  embracing  the  whole  organ. 
If,  on  the  other  hand,  the  finer  epithelial  structures  are  to  be  examined, 
small  pieces  are  first  fixed  in  osmic  acid  mixtures  or  in  corrosive 
sublimate. 

Impregnation  with  silver  nitrate  (method  of  Golgi  or  Cox) 
reveals  some  points  as  to  the  relation  of  the  cells  of  the  uriniferoos  tubules 
to  each  other. 

In  order  to  isolate  the  tubules,  thin  strips  of  kidney  tissue  arc 
irealed  for  from   fifteen  to   twenty  hours  with  pure  hydrochloric  acid 
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having  a  specific  gravity  of  1,12  (for  this  purpose  kidney  tissue  is  used 
taken  from  an  animal  killed  twenty-four  hours  previously).  It  is  then 
washed,  teased,  and  examined  in  glycerin  (  Sihweiger-Seidel ).  Fuming 
nitric  acid  (40^  j,  applied  for  a  few  hours  to  small  pieces  of  tissue^  CMjca- 
sionally  isolates  the  uriniferous  tubules  ver}'  extensively.  The  further 
treatment  is  then  the  same  as  after  hydrochloric  acid.  A  35%  potassium 
hydrate  solution  may  also  he  employed.  The  isolated  pieces  are,  however, 
not  easily  preserved  permanently, 

l"he  epithelium  of  the  uriniferous  tubules  may  be  isolated  either  in 
Yi  alcohol  or,  according  to  R.  Heidenhain  (83),  in  a  5^  aqueous  solu- 
tion of  neutral  ammonium  chroniate.  The  latter  method  shows  clearly 
the  striation  of  the  epithelium. 

The  autophysiologic  injection  with  indigo-carmin,  applied  as  in  the 
case  of  the  liver,  fills  the  uriniferous  tubules,  which  may  then  be  further 
examined  in  sections. 

The  blood-vessels  are  examined  in  injected  specimens  C injection 
of  the  kidney  is  easily  accomplished ).  In  larger  animals  the  injection  is 
made  into  the  renal  artery,  while  in  smaller  ones  the  whole  posterior  half 
of  the  body  is  injected  through  the  abilominal  aorta. 

The  ureter  and  bladder  are  cut  open,  fi.xed,  and  then  sectioned. 
In  this  way  the  organs  are  shown  in  a  collapsed  condition,  in  which  the 
arrangement  of  the  ejiithelium  is  totally  different  from  that  found  in  the 
distended  organs.  In  order  to  obser\'e  them  in  the  latter  condition  the  fix- 
ing agent  is  injected  into  the  ureter  or  bladder,  when,  after  proper  liga- 
tion, they  are  placed  in  the  same  fixing  agent. 

The  usual  fixing  fluids  are  employed  in  the  demonstration  of  the 
suprarenal  capsule;  but  mixtures  conLiining  chromic  acid,  whether 
Klemming's  fluid,  chromic  acid,  or  its  salts,  are  of  special  importance  in 
the  examination  of  the  organ,  since  the  medullary  substance  of  the  supra- 
renal capsule  stains  a  specific  lirown  when  treated  Ity  these  mixtures  (a  con- 
dition only  reduplicated  in  certaiin  cells  of  the  hypophysis).  This  brown 
staining  also  occurs  when  the  cortical  and  medullary'  portions  are  entirely 
separated,  as  is  the  case  in  certain  animals  and  dm-ing  the  develo[iment 
of  the  suprarenal  c:apsule.  The  fat  found  in  the  cells  of  the  suprarenal 
cortex  is  not  identical  with  that  of  the  rest  of  the  body,  as  it  may  be  dis- 
solved by  chlorofonn  and  oil  of  bergamot  out  of  tissue  fixed  with  osmic 
acid  (Hans  Rabl). 
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C  THE  FEMALE  GENTTAL  ORGANS. 

1.  THE  OVUM. 

The  product  of  the  ovaries  is  the  matLired  '*  ovum,"  or  egg,  hav- 
ing a  diameter  of  from  0.22  to  0.32  mm.  It  forms  a  single  cell 
with  a  thick  membrane,  from  / /t  to  1 1 /i  In  thickness,  known  as 
the  zona  pellucida.  The  ovum  consists  of  a  cell-body  known  as 
the  yolk  or  vitellus,  and  a  nucleus,  from  30//  to  40//  in  diameter, 
termed  the  germinal  vesicle.  The  vitellus  consists  of  two  sub- 
stances— a  protoplasmic  network,  with  a  somewhat  denser  arrange- 
ment at  the  periphcr}'  of  the  cell  and  in  the  neighborhood  of  the 
germinal  vesicle,  and  of  small,  highly  refractive,  and  mostly  oval 
bodies  imbedded  between  the  meshes  of  the  protoplasm — the  yolk 
globules.  These  latter,  as  a  rule,  are  merely  browned  on  being 
treated  with  osmic  acid,  although  occasional!}'  a  true  fatty  reaction 
may  be  obtiined.  The  germinal  vesicle  is  surrounded  by  a  distinct 
membrane  having  a  double  contour.  In  its  interior  we  find  a 
scanty  lining  framework  containing  very  little  chromatin,  and  one  or 
two  relatively  large  false  nucleoli,  or  germinal  spots,  from  7/J  to  lO// 
in  diameter,  due  to  a  nodal  thickening  of  the  chromatin.  In  the 
latter  a  further  \cr>'  distinct  differentiation  is  sometimes  seen  in  the 
shape  of  a  small  body  (vacuole  ?)  of  doubtful  origin,  which  has 
been  called  Schron's  granule.  The  germinal  vesicle  and  spot  were 
formerl)-  known  as  "  Purkinje's  vesicle  **  and  "  Wagner's  spot," 
respectively,  from  their  discoverers. 

2.  THE  OVARY. 

The  ovaries  are  almost  entirely  covered  by  peritoneum.  The 
mesothelial  cells  of  the  latter,  however,  undergo  here  a  differentia- 
tion, to  form  the  germinal  epithelium.  At  the  hilum  the  peritoneal 
covering  is  absent,  and  it  is  here  that  the  connective-tissue  elements 
of  the  ovarian  ligament  penetrate  into  the  organ  to  form  its  con- 
nective-tissue framework,  the  so-called  stroma  of  the  ovaiy.  At  an 
early  period  in  the  development  of  the  ovaries,  the  germinal  epithe- 
lium begins  a  process  of  invagination  into  the  stroma  of  the  ovary, 
so  that  at  the  periphery  of  the  organ  a  zone  is  soon  formed  which 
consi.sts  of  both  connective  tissue  and  epithelial  (mesothelial)  ele- 
ments. This  zone  is  called  the  cortex,  or  parenchymatous  zone. 
That  portion  uf  the  organ  in  the  neighborhood  of  the  hilum  (aside 
from  the  rudimentary  structure  known  as  the  epoophoron)  consists 
of  connective  tissue  containing  numerous  elastic  fibers  and  unstriped 
muscle-cells,  and  is  known  as  the  medullary  substance,  or  vascular 
zone.  This  connective  tissue  penetrates  here  and  there  into  the  cor* 
te.\.  separates  the  epithelial  elements  of  the  latter  from  each  other, 
and  is  in  direct  continuation  with  a  stratum  immediately  beneath  the 
germinal  epithelium,  called  the  tunica  albuginea.  This  latter  layer 
of  connective  tissue  is  generally  distinct  in  the  adult  ovary,  although 
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its  structure  and  thickness  var}'  to  a  considerable  extent  In  young 
ovaries  it  is  irregular,  but  shows  in  its  highest  development  three 
layers  distinguishable  from  each  other  by  the  different  direction  of 
the  fibers.  In  the  medullary  substance  the  connective-tissue  fibers 
are  long,  in  the  cortex  short,  and  in  the  zone  containing  the  follicles 
(see  below)  are  mingled  with  numerous  connective -tissue  ceils. 
Nonstriated  muscle-fibers  occur  exclusively  in  the  medulla.  Here 
they  are  gathered  in  bundles  which  accompany  the  blood-vessels, 
and  may  even  form  sheaths  around  the  latter.  They  are  especially 
prominent  in  mammalia. 

The  germinal  epit/wiinm  is  distinguished   from  that  of  the  re- 
maining peritoneum  by  tlie  greater  height  of  its  cells,  which  are 
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F:g.  275 — •Stclion  from  ovnr,  ^  iio  right  the  siellate  figure  repre- 

sents a  C'.i||a|»!ifd  follicle  wilh  ils  cutitcnis.      tielow  and  at  the  right  are  seen  the  lubuJcs 
of  the  parovarium  (copied  from  W'aideycrJ. 


cubic  or  even  cylindric  in  shape.  At  an  early  period  in  the  devel- 
opment of  the  ovaries  this  epithelium  pushes  into  the  underlying 
embryonic  connective  tissue  in  solid  projections,  to  form  the  pntfiary 
e<^g  tuhis  of  Pjlugcr,  the  cells  of  which  vcr)'  soon  begin  to  show 
differentiation.  Some  retain  their  original  characteristics  and  shape, 
while  others  increase  in  size,  become  rounded,  and  develop  into  the 
young  ova.  Those  retaining  their  indifferent  type  become  the  fol- 
licular cells  surrounding  the  egg.  This  differentiation  into  ova  and 
follicular  etements  may  even  occur  in  the  germinal  epithelium  itself, 
in  which  case  the  larger  round  cells  are  known  as  the  pnmitive  or 
primordial  (n>a.     In  the  further  development  of  the  ovarian  cortex 
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the  primitive  egg  tubes  are  penetrated  throughout  by  connective 
tissue,  so  that  each  egg  tube  is  separated  into  a  number  of  irregular 
divisions.  In  this  way  a  number  of  distinct  epithehal  nests  are 
formed,  which  lose  their  continuity  with  the  germinal  epithelium 
and  finally  lie  imbedded  in  the  connective  tissue.  According  to  the 
shape  and  other  characteristics  of  these  epithelial  nests,  we  may 
distinguish  several  different  groups:  (i)  The  primitive  egg  tubes 
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Fig.  376. — From  ovary  of  young  girl ;  X  *90' 
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of  Pfliiger ;  (2)  the  typical  primitive  follicles—^,  e.,  those  which 
contain  only  a  single  egg-cell  (present  in  the  twenty -eighth  week  of 
fetal  life)  ;  (3)  the  atypic  follicles — /.  i\,  those  containing  from  two 
to  three  egg-cells  ;  (4)  the  so-called  nests  of  follicles,  in  which  a 
large  number  of  follicles  possess  only  a  single  connective -tissue  en- 
velope ;  (5)  follicles  of  the  last-named  type  which  may  assume  the 
form  of  an  elongated  tube,  and  which  are  then  known  as  the  con- 
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stricted  tubes  of  Pfliiger.  The  fourth,  fifth,  and  possibly  the  third 
types  are  further  divided  by  connective-tissue  septa,  until  they 
finally  form  distinct  and  typical  follicles  (Schottlander,  91,  93). 

In  tlie  adult  ovary  true  egg  lubes  are  no  longer  developed. 
Isolated  invaginations  of  the  germinal  epithelium  sometimes  occur, 
but  apparently  lead  merely  to  the  formation  of  epithelial  cysts 
(Schottlander).  The  theories  as  to  when  tlie  formation  of  new 
epithelial  nests  or  follicles  ceases  are,  however,  ver\'  conflicting, 
some  authors  believ^ing  that  cessation  takes  place  at  birth,  others 
that  it  continues  into  childhood  and  even  into  middle  age. 

The  typical  primitive  follicle  consists  of  a  relatively  large  egg- 
cell  surrounded  by  a  single  layer  of  smaller  cubical  or  cylindric 
follicular  cells.  The  growth  of  the  follicle  takes  place  by  means 
of  mitotic  division  in  the  follicular  cells  and  increase  in  size  of 
the  ovum.  Tlie  egg-cell  is  soon  surrounded  by  several  layers  of 
cells,  and  gradually  assumes  an  eccentric  position  in  the  cell 
complex.  At  a  certain  distance  from  the  ovum  and  nearly  in  the 
center  of  the  follicle  one  or  more  cavities  form  in  the  follicular 
epithelium.  These  become  confluent,  and  the  resulting  space  is 
filled  by  a  fluid  derived,  on  the  one  hand,  from  a  process  of 
secretion  and,  on  the  other  hand,  from  the  destruction  of  some 
of  the  follicular  cells.  The  cavity  is  called  the  antrum  of  the 
follicle,  and  such  a  follicle  has  received  the  name  of  Graafian 
follicle.  Its  diameter  varies  from  0.5  to  6  mm.  The  follicle  in- 
creases in  size  through  cell-proliferation,  the  cavity  increasing  and 
gradually  inclosing  the  egg  together  with  the  follicular  cells  imme- 
diately surrounding  it.  although  the  latter  always  remain  connected 
with  the  wall  of  the  vesicle  at  some  point.  The  egg  now  lies 
imbedded  in  a  cell-mass,  the  discus  proligerus,  which  is  composed 
of  foliicular  epithelium,  and  projects  into  the  follicular  cavity. 
The  follicular  epithelium  forming  the  wall  of  the  cavity  is  known  as 
the  stratum  granulosum^  the  cavity  as  the  antruvt,  and  the  fluid 
which  it  contains  as  the  liquor  folliculi.  Those  follicular  cells 
which  immediately  surround  and  rest  upon  the  ovum  are  .some- 
what higher  than  the  rest  and  constitute  the  ^g%  epithelium,  or 
corona  radiata. 

During  the  growth  of  the  follicle  the  connective  tissue  surround- 
ing it  becomes  differentiated  into  a  special  envelope,  called  the  tkcca 
folliculi.  In  it  two  layers  may  be  distinguished — the  outer,  the 
tunica  externa,  consisting  of  fibrous  connective  tissue,  is  continu- 
ous with  the  inner,  or  tunica  interna,  rich  in  blood-vessels  and 
cellular  elements.  The  follicle  gradually  extends  to  the  surface  of 
the  ovary,  at  which  point  it  finally  bursts  (sec  below),  allowing  the 
ovum  to  escape  into  the  body  cavity  and  thus  into  the  oviduct 

During  the  growth  and  development  of  the  ovarian  follicles  the 
ova  undergo  certain  changes  of  size  and  structure  which  may  receive 
further  consideration.  The.se  have  been  described  for  the  human 
ovary  by  Nagel  (96),  whose  account  will  here  be  followed.     The 


THE    FEMALE    GENITAL    ORGANS. 


349 


ova  of  the  primitive  or  primordial  ff^jliicles  attain  a  size  (in  fresh  tissue 
teased  in  normal  salt  solution)  varying  from  48 /i  to  69 /i.  They 
possess  a  nucleus  varyinj^  in  size  from  20  ft  to  2>^  !^*  presenting  a 
doubly  contoured  nuclear  membrane,  and  containiiij^  a  distinct 
chromatin  network  with  a  nucleolus  and  several  accessory  nucleoli. 
The  protoplasm  shows  a  distinct  spongioplastic  network  containing 
a  clear  hyaloplasm.  The  primitive  ova,  until  they  undergo  further 
development,  retain  this  size  and  structure,  irrespective  of  the  aj^e 
of  the  individual.  They  are  numerous  in  embryonic  life  and  early 
childhood,   always   found    during   the   ovulation    period,   but   not 
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Fig.  281. — Iraiisverse  section  through  the  cortex  of  a  human  ovary  ;  X  50  :  A, 
Tunica  albugincu  ;  <•/,  follicultir  epiihelium,  iona  granulosa  ;  //.prinit-rdia!  i'ollicles  ;  (n\ 
ovum  in  the  dis^cus  pruligenjs  ;  thf,  tiiecacxiemalolHculi  ;  thi,  tlieca  iotcrna  follkuli  with 
blood-vesseb  (Sobotta,  **Al1as  and  Epitome  of  Human  Histology"). 


observed  in  the  ovaries  of  the  aged.  Changes  in  the  size  and 
structure  of  the  ova  accompany  the  proliferation  of  the  follicular 
cells  in  the  throwing  follicles.  As  soon  as  the  follicular  cells  of  a 
prtmitive  follicle  proliferate,  as  above  described,  the  ovum  of  the 
follicle  increases  m  size  until  it  has  attained  the  size  of  a  fully 
developed  ovum.  The  zona  pcllucida  now  makes  its  appearance, 
and  after  this  has  reached  a  certain  thickness,  yolk  granules  (deuto- 
plastic  granules)  develop  in  the  protoplasm  of  the  ovum.  In  a 
fully  developed  Graafian  follicle  the  ovum  presents  an  outer  clearer 
protoplasmic  zone  and  an  inner  fine  granular  zone  containing  yolk 
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granules ;  in  the  former  lies  the  germinal  vessel.  Between  tlie 
protoplasm  of  the  ovum  and  the  zona  pellucida  is  found  a  narrow 
space  known  as  the  pcrivitelline  space.  The  germinal  vesicle 
(nucleus),  which  is  usually  of  spheric  shape,  possesses  a  doubly 
contoured  membrane  and  a  large  germinal  spot  (nucleolus),  which 
shows  ameboid  movements. 

Tlie  origin  of  the  zona  pellucida  has  not  as  yet  beeni  fully  de- 
termined. It  probably  represents  a  product  of  the  egg  epithelium, 
and  may  be  regarded  in  general  as  a  cuticular  formation  of  these 
cells.  At  all  events  it  contains  numerous  small  canals  or  pores  into 
which  the  processes  of  the  cells  composing  the  corona  radiata  ex- 
tend. These  proces.ses  are  to  be  regarded  as  intercellular  bridges 
(Rctzius,  90) ;  and,  according  to  Palladino,  they  occur  not  only 
between  the  ovum  and  the  corona  radiata,  but  also  between  the 
follicular  cells  themselves.  In  the  ripe  human  ovum  the  pores  are 
apparently  absent  (Nagel),  and  it  is  very  probable  that  they  have  to 
do  with  the  passage  of  nourishment  to  the  growing  egg.  Retzius 
bch'eves  that  the  zona  pellucida  is  derived  from  the  processes  of  the 
cells  composing  the  corona  radiata,  which  at  first  interlace  and  form 
a  network  around  the  ovum.  Later,  the  matrix  of  the  membrane  is 
deposited  in  the  meshes  of  the  network,  very  probably  by  the  egg 
itself. 

Further  developmental  changes  are,  however,  necessary  before  a 
fully  developed  ovum  (ripe  ovum)  may  be  fertilized.  These  are 
grouped  under  the  head  of  maturation  of  the  ovum.  They  have  in 
part  been  described  in  a  former  section  fp.  71),  but  may  receive 
further  consideration  at  this  time.  During  maturation  the  chromo- 
somes arc  reduced  in  number,  so  that  the  matured  ovum  presents 
only  half  the  number  found  in  a  somatic  cell  of  the  same  animal. 
The  manner  in  which  this  reduction  lakes  place  has  been  described 
for  many  invertebrates  and  vertebrates,  and  in  all  ova  studied  with 
reference  to  this  point  essentially  the  same  phenomena  have  been 
observed.  In  this  account  we  shall  follow  the  process  as  it  occurs 
in  the  Copepoda  (Ruckcrt,  94). 

During  the  period  of  growth  the  cells  composing  the  last  gen- 
eration of  oogonia  (primitive  ova)  increase  in  size,  and  are  tJien 
known  as  "oocytes"  (the  ripe  ova).  These  then  undergo  mitotic 
division,  and  in  each  a  spircm  is  fofmcd  which  divides  into  12 
chromosomes,  and  not  into  24  as  in  the  case  of  the  somatic  cells. 
These  i  2  chromosomes  split  longitudinally,  so  that  the  germinal 
vesicle  is  seen  to  contain  12  pairs  of  chromosomes,  or  daughter 
loops.  By  this  process  the  oogonia  have  become  egg  mother  cells 
(O.  liertwig,  90)  or  oocytes  of  the  first  order.  The  loops  now 
begin  to  shorten  and  each  soon  divides  crosswise  into  two  equal 
rods,  thus  giving  rise  to  1 2  groups  of  4  chromosomes,  or  12  tetrads. 
The  mother  cell  now  divides  into  2  unequal  parts,  the  process  con- 
sisting in  a  distribution  of  the  rods  composing  the  tetrads  in  such  a 
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way  that  the  pairs  of  rods  derived  from  one  set  of  daughter  loops 
pass  to  the  one  daughter  cell,  and  those  derived  from  the  other  set 
to  the  second  daughter  cell.  In  this  manner  arc  formed  the  large 
Ggg  daughter  cells  (O.  Hertwig)  or  oocytes  of  the  second  order,  and 
a  smaller  cell,  the  first  polar  body.  From  this  it  is  seen  that  the 
daughter  cell  still  retains  12  pairs  of  rods.  A  second  unequal  division 
immediately  follows  without  a  period  of  rest,  but  in  this  case  the  com- 
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Fig.  282.-  Schematic  repre5<'iitation  of  the  behavior  of  the  chromatin  during  the 
maturation  of  the  ovum  (from  Riickert,  94).  Instead  of  12  chromosumex  we  have  tlrawn, 
for  the  sake  of  simplicity,  only  four :     a,  a,  a,  First,  and  {b)  second  polar  body. 


ponent  parts  of  the  pairs  of  rods  are  so  divided  that  each  separate 
rod  moves  away  from  its  fellnw,  althounh  they  both  originated  from 
the  same  daughter  loop.  In  this  manner  a  cell  of  the  third  gen- 
eration is  formed,  the  oocyte  of  the  third  order,  or  mature  ovum, 
as  well  as  a  second  polar  body.  The  second  division  in  the  period 
of  maturation  is  peculiar  in  that  here  daughter  chromosomes  are 


i 


352 


THE    GENITO-URINAKV    ORGANS. 


formed,  not  by  a  longitudinal  splitting  of  the  chromosomes,  but  by 
a  transverse  division. 

In  the  process  of  development  of  the  ova.  three  j>eriods  are 
therefore  distingui.shable.  The  first,  or  period  of  pruhferation,  rep- 
resents a  stage  of  repeated  mitotic  division  in  the  oogonia,  during 
which  tlie  latter  become  gradually  reduced  in  size.  In  the  second, 
or  period  o(  growth,  the  oogonia  increase  in  size  and  are  then  ready 
for  the  third,  or  period  of  maturation.  In  the  latter,  by  means  of 
a  modified  double  mitotic  division,  uninterrupted  by  any  resting 
stage,  the  matured  ovum  and  the  polar  bodies  are  formed.  These 
several  j.>criods  are  represented  in  figure  283. 

The    manner    in   which    the   fully  developed    Graafian    follicle 
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Fig.  283. — Scheme  of  the  devclopnieut  a»ul  inatunition  of  an  ascaris  ovum  (after  Boveri)  ; 
P    B  ,  T'olar  bodies.      (From  **  Ergebn.  d.  AnaL  u.  Entw,,"  Bd,  I.) 


bursts  and  its  ovum  is  freed  is  still  a  subject  of  controversy ;  the 
following  may  be  said   regarding  it :   By  a  softening  of  the  cells 
forming  the  pedicle   of  the  discus  proligerus,  the  latter,  together 
with  the  ovum,  are  separated  from  the  remaining  granulosa,  and  lie 
Iree  in  the  liquor  foUiculi.     At  the  point  where  the  follicle  comes  in , 
contact  with  the  tunica  albuginca  uf  the  ovarj',  the  latter,  with  th€_ 
theca    folliculi,  Ix^comes   thm,    and  in   this   region,  known   as  the ' 
stigma,  the  blood-vessels  are  obliterated  and  the  entire  tissue  grad- 
ually atrophies  ;  thus  a  point  of  least  resistance  is  formed  which  gives 
way  at  the  slightest  increase  in  pressure  within  the  follicle,  or  iri  its 
neighborhood. 
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The  part  of  the  Graafian  follicle  which  remains  after  the  ovum  has 
been  released  forms  a  structure  known  as  the  corpus  ltdtnm,2.  struc- 
ture which  passes  through  certain  developmental  stages  and  then 
undergoes  degeneration.  The  regressive  metamorphosis  is  much 
slower  in  a  corpus  luteum  whose  ovum  has  been  fertilized  and  is  in 
process  of  further  development  than  in  those  whose  ova  have  not  been 
impregnated  ;  the  former  is  known  as  the  corpus  Itihum  vcrum,  the 
latter  as  the  corpora  iutca  spuria.  There  is  as  yet  difference  of  opinion 
as  to  the  mode  ol  development  of  the  corpora  lutea,  certain  observers 
maintaining  that  the  cells  of  the  zona  granulosa  contribute  largely  to 
the  development  of  these  structures,  while  others  trace  their  origin  to 
the  cells  of  the  theca  interna.  In  this  account  we  shall  follow  Sobotta, 
whose  careful  observatitjms  on  the  development  of  the  corjiora  lutea  of 
the  mouse  and  rabbit  suppoit  strongly  the  former  view.  Accordiiig 
tn  this  observer,  the  \valls  of  the  Graafian  follicle  collapse  after  its  rup- 
ture. The  cells  of  the  follicular  epithelium,  which  remains  within 
tlie  collapsed  follicle,  hypertrophy,  the  cells  atLiining  many  times  their 
original  size.  As  the  cpithchial  cells  enlarge,  a  yellowish  pigment 
known  as  lutein  makes  its  appearance.  The  cells  are  now  designated 
as  lutein  cells.  At  the  same  time  the  vascular  connective  tissue  of  the 
inner  thecal  layer  penetrates  between  the  hypcitrophied  epitheHal  cells 
in  the  shape  of  proces.ses  accompanied  by  leucocytes. 

The  structure  which  thus  develops  is  known  as  the  corpus 
luteum.  On  the  rupture  of  the  follicle  hemorrhages  often  take 
place  on  account  of  the  laceration  of  the  blood-vessels.  The  re- 
mains of  such  hemorrhages  are  found  in  the  form  of  hematoidin 
cr}'.stals. 

After  a  variable  time  the  corpora  lutea  degenerate  ;  in  this  regres- 
sive metamnq^hosis  the  epithelial  cells  (lutein  cells)  undergo  fatty 
degeneration,  and  the  connective  tissue  trabecular  become  atrophied. 
Each  corpus  luteum  is  thus  changed  into  a  corpus  alNcaus,  which  in 
turn  is  absorbed,  and  in  its  place  there  remains  only  a  connective 
tissue  containing  very  few  fibers. 

Not  all  of  the  eggs  and  follicles  reach  maturity ;  very  many 
are  destroyed  by  a  regressive  process  known  as  atresia  of  the  fol- 
licles. This  process  may  begin  at  any  stage,  even  affecting  the 
primitive  ova  while  .still  imbedded  in  the  germinal  epithelium — first 
attacking  the  ^^^  itself  and  later  the  surrounding  follicular  epithe- 
lium, although  in  both  the  degenerative  process  is  identical.  The 
germinarJ  vesicle  and  the  nuclei  of  the  follicular  cells  usually 
undergo  a  chromatolytic  degeneration,  although  they  .sometimes 
disappear  without  apparent  chromatolysis  (direct  atrophy),  while 
the  cell-bodies  are  generally  subjected  to  a  fatty  degeneration  or 
may  even  undergo  what  is  known  among  pathologists  as  an  albu- 
minous degeneration — /.  e.,  one  characterized  by  granulation  and 
showing  no  fat  reaction  but  iionierous  reactions  such  as  are  ob- 
sened  where  albumin  is  present.      These  two  forms  of  metamor- 
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phosis  result  in  a  liquefaction  of  the  cell-body,  and  finally  lead  to 
a  hyaline  swelling,  which  renders  the  substance  of  the  cell  homo- 
geneous, The  zona  pellucida  softens,  increases  in  volume,  becomes 
wrinkled,  and  after  some  time  is  absorbed.  A  further  stage  in 
the  regressive  process  consists  in  the  formation  of  scar  tissue,  as 
ill  the  case  of  the  corpus  luteum.  Jlere  leucocytes  accompany 
the  proliferation  from  the  tunica  interna  of  the  theca  folliculi,  and 
assist  in  absorbing  the  products  of  degeneration,  the  result  being 
a  connective-tissue  scar  {vid.  G.  Ruge,  and  Schottlandcr,  91,  93). 

The  blood-vessels  of  the  ovar}-  enter  at  the  hilum  and  branch 
in  the  medullary  substance  of  the  ovary.  From  these  medullary 
vessels  branches  are  given  off  which  penetrate  the  follicular  zone, 
giving  off  branches  to  the  follicles  and  terminating  in  a  capillary* 
network  in  the  tunica  albuginea  (Clark.  1900).  The  relations  of 
the  branches  to  the  follicles  are  such  that  in  the  outer  layer  of  the 
theca  folliculi  the  vessels  form  a  network  with  wide  meshes  while 
the  inner  layer  contains  a  fine  capillar)'  network.  The  veins  are  of 
large  caliber  and  form  a  plexus  at  the  hilum  of  the  ovary. 

The  lymphatics  of  the  ovary  are  numerous.  They  begin  in 
clefts  in  the  follicular  zone,  which  unite  to  form  vessels  lined  by 
endothelial  cells  in  the  medulla.  They  leave  the  ovary  at  the 
hilum. 

The  nen-es  accompany  and  surround  the  blood-vessels,  while 
ver}''  few  nerve-fibers  penetrate  into  the  theca  folliculi  ;  tliose  doing 
so  form  a  network  around  the  follicle  and  end  often  in  small  nodules  | 
without  penetrating  beyond  the  theca  itself.  Ganglion  cells  of  the 
sympathetic  t\pe  also  occur  in  the  medulla  of  the  ovary  near  the 
hilum  (Retzius,  93;   Riese,  Gawronsky). 


3.  THE  FALLOPIAN  TUBES,  UTERUS,  AND  VAGINA. 

The  Fallopian  tubes  or  ova  ducts  consist  of  a  mucous  mem- 
brane, muscular  coat,  and  peritoneal  covering. 

The  mucous  membrane  presents  a  large  number  of  longitudinal 
folds  which  present  numerous  secondary  folds  which  frequently 
communicate  with  one  another.  Very  early  in  the  development 
four  t-'f  these  folds  are  particularly  noticeable  in  the  isthmus;  these 
mav  also  be  recocrnized  at  times  in  the  adult.  These  are  the 
chief  folds,  in  contradistinction  to  the  rest,  which  are  known  as 
the  accessor)''  folds  (Frommel).  The  accessory  folds  are  well 
developed  in  the  isthmus,  and  arc  here  so  closely  arranged  that 
no  lumen  can  be  seen  with  the  naked  eye.  The  epithelium 
lining  the  tubes  is  composed  of  a  single  layer  of  ciliated  columnar 
cells  which  cnlircl)^  cover  the  folds  as  well  as  the  tissue  between 
them.  Glands  do  not  occur  in  the  oviducts,  unless  the  crypts 
between  the  folds  may  be  tonsidered  as  such.  The  mucosa 
beneath   the   epithelium  contauis    relatively   few    connective-tissue 
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fibers,  but  numerous  cellular  elements.  In  the  isthmus  it  is  com- 
pact, but  ill  the  ampulla  and  infundibuhim  its  structure  is  looser. 
The  mucosa  contains  a  few  nonstriated  muscle-fibers,  which  have  a 
longitudinal  direction  and  extend  into  the  cliief  folds,  but  not  into 
the  accessory  folds. 

External  to  the  mucosa  is  found  the  muscular  coat,  consisting 
of  an  inner  circular  and  an  outer  and  thinner  longitudinal  layer 
consisting  of  bundles  of  nonstriated  muscular  tissue  separated  by 
connective  tissue  and  blood-vessels.  The  lonjijitudinal  layer  is  im- 
perfectly developed  in  the  ainj>ul!a  and  may  be  entirely  absent  in 
the  infundibulum.  The  peritoneal  layer  consists  of  a  loose  connec- 
tive tissue  covered  by  mcsothelium. 


,  Mucosa. 
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Fig.  284.— Section  of  oviiluct  of  young  woman.     To  the  left  and  above  are  two 
enlarged  ciliated  epilhelial  cells  from  the  same  lube  ;   ;<  1 70. 


The  ova  ducts  have  a  rich  blood -supply.  The  terminal  branches 
of  tlie  arteries  pass  into  the  primary  and  secondary'  folds  of  the 
mucosa,  where  they  form  capillar}'  plexuses  under  the  epithelium. 
The  blood  is  returned  by  means  of  a  well -developed  venous  plexus. 
The  lymphatic  vessels  have  their  origins  in  the  folds  of  the  mucosa. 
Nerve-fibers  have  been  traced  to  the  musculature  and  to  the  lining 
epithelial  cells. 

The  uterus  is  composed  of  a  mucous,  a  muscular,  and  a  peri- 
toneal coat. 

The  mucosa  of  the  body  of  the  uterus  and  cervix  is  lined  by  a 
single  layer  of  columnar  ciliated  epithelial  cells ;  these  arc  some- 
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what  hir,'her  in  tlie  cervix  than  in  the  corpus.  Barfurth  (96)  has 
found  intercellular  bridges  between  the  cells  of  the  uterine  epithelium 
in  the  j^uinea-pig  and  rabbit.  In  the  cervix  of  the  virgin  the  ciliated 
columnar  epithelium  extends  as  far  as  the  external  os,  at  which 
point  this  usually  chanijes  to  a  stratified  squamous  epithelium.  in 
multipara;  the  squamous  epithelium  extends  into  the  cervical  canal 
and  may  be  found,  with  occasional  exceptions  (islands  of  ciliated 
epithelium),  throughout  its  entire  lower  third.  This  arrangement 
is  subject  to  considerable  variation,  so  that  even  in  children  tlie 
lower  jiortioii  of  the  cervical  canal  may  sometimes  be  lined  by 
stratified  epithelium.  Recent  investigations  have  established  the 
fact  that  in  both  tlie  uterus  and  oviducts  the  general  direction  of  the 
wave-like  ciliar)'-  motion  is  toward  the  vagina  (Hrifmeier).  In  the 
body  of  the  uterus  the  mucosa  is  composed  of  a  reticular  connective 
tissue  con.^iisting  of  relatively  few  connective-tissue  fibers  and  branched 
connective-tissue  cells  arranged  in  the  form  of  a  network,  in  the 
meshes  uf  which  are  found  lymphocytes  and  leucocytes.  Under 
low  magnification  the  mucosa  presents  more  the  appearance  of. 
adent)id  ti.ssue  than  of  areolar  connective  tissue.  The  mucosa 
the  cei-vix  is  somewhat  denser,  containing  more  fibrous  tissue.  In 
the  cervical  canal  the  mucosa  of  the  anterior  and  posterior  walls  is 
elevated  to  form  numerous  folds,  extending  laterally  from  larger 
niedian  folds.     These  folds  are  known  as  \\\q  plicce  paimato'. 

The  mucosa  of  the  body  of  the  uterus  and  of  the  cenix  contains 
numerous  glands,  the  uterine  and  cervical  glands.  The  uterine 
glands  are  branched  tubular  in  type,  and  extend  through  the  mucosa 
and  certain  ones  may  even  extend  for  a  short  distance  into  the 
muscular  layer.  They  are  lined  by  ciliated  columnar  epithelium, 
resting  on  a  basement  membrane.  The  cervical  glands  are  larger 
and  more  branched  than  tho.se  of  the  body  of  the  uterus,  and  belon|_ 
to  the  type  of  tubulo-alvcola'r  glands  ;  they  have  a  mucous  secretion. 
The  glands  and  cr>'p:>ts  extend  as  far  as  the  external  os.  In  the 
mucous  membrane  of  the  cer\ical  region  we  find  peculiar  closed 
sacs  of  varying  size  lined  by  simple  cylindric  epithelium,  the  so- 
called  ai'ula  Nadothi,  which  probably  represent  cystic  formations 
(t'/V/.  A.  Martin). 

Three  layers  of  muscular  tissue  are  to  be  seen  both  in  the 
coq^us  and  cervix  uteri — an  inner  longitudinal,  a  middle  nearly  cir»J 
cular,  in  which  the  principal  blood-vessels  arc  found,  and  an  outc 
longitudinal.  The  inner  and  outer  layers  are  known  respectively 
from  their  position  as  the  stratum  mucosum  and  stratum  serosum, 
the  middle  and  more  vascular  as  the  stratum  vasculosum.  As  com- 
pared with  the  middle,  the  inner  and  outer  muscle  layers  are 
poorly  developed.  The  complicated  conditions  found  in  the  uterine 
musculature  can  be  belter  understood  if  some  attention  be  paid  to 
its  origin.  The  circular  layer  should  be  regarded  as  the  original 
musculature  of  the  Miillerian  ducts.  The  otiter  longitudinal  la\cr 
develops  later,  and  is  derived  from  the  musculature  of  the  broad 
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ligament.  Rfjtwecn  these  two  arc  the  large  vessels  accompanied 
by  a  certain  amount  of  muscular  lissue — a  conditiun  which  persists 
throughout  life  in  the  carnivora.  In  man  the  blood-vessels  pene- 
trate into  the  circular  musculature  and  only  appear  later  in  the 
inner  muscular  layer.  A  true  muscularis  mucosa.*  is  not  present  in 
the  human  uterus  (Sobotta,  91). 

The  serous  or  peritoneal  layer  consists  of  a  layer  of  Tnesothelial 
cells  and  submesothelial  connective  tissue. 

The  uterus  derives  its  blood  supply  from  the  uterine  and  ovarian 
arteries,  which  enter  from  the  broad  ligament  through  its  lateral 
portion.  These  vessels  pass  to  the  stratum  vasculosum  of  the 
muscular  layer,  where  they  branch  repeatedly,  some  of  the  branches 
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Fig.  285, — From  utcni*  of  yoitng  woman;  X  34-     (From  a  preparRtion  by  Dr. 

J.  Amann.) 

entering  the  mucosa,  where  they  form  capillary  networks  surround- 
ing the  glands  and  a  dense  capillar^'  network  situated  under  the 
uterine  epithelium.  The  veins  form  a  venous  plexus  in  the  deeper 
portion  of  the  mucosa,  especially  well  developed  in  the  cervix  and 
OS  uteri.  From  this  plexus  the  blood  passes  to  a  second  well- 
developed  venous  plexus  situated  in  the  stratum  vasculosum  of  the 
muscular  layer,  wherice  the  blood  passes  to  the  plexus  of  uterine 
and  ovarian  veins. 

The  lymphatics  begin  in  numerous  clefts  in  the  uterine  mucosa ; 
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from  here  tlie  lympii  passes  by  way  of  lymph-vessels  to  the  mus- 
cular coat,  between  the  bundles  of  which  are  found  numerous 
lymph-vessels  especially  in  tlie  middle  or  vascular  layer.  These 
lymph-vessels  terminate  in  larger  vessels  found  in  the  subserous 
connective  tissue. 

Tlie  uterus  receives  numerous  medullatcd  and  nonmedu Hated 
nerves.  The  latter  terminate  in  tJie  muscular  layers.  Medullatcd 
fibers  have  been  traced  into  the  mucosa,  where  they  form  plexuses 
under  the  epithelium,  from  which  branches  have  been  ti^aced 
between  the  epithelial  cells  and  between  the  gland  cells.  In  the 
course  of  the  nerves  ganglion  cells  of  the  sympathetic  type  have 
been  obser\'ed. 


«i 


t   -    286.— Itoiu  secijon  of  human  vagiiu. 


In  the  vagina  we  distinguish  also  three  coats — the  mucous 
membrane,  the  muscular  layer,  and  the  outer  fibrous  covering. 

The  epithehum  of  the  mucous  membrane  is  of  the  stratified 
squamous  type,  arui  possesses,  as  usual,  a  basal  layer  of  cylindric 
cells.  The  mucosa  of  the  vagina  consists  of  numerous  connective- 
tissue  fibers  mingled  witli  a  number  of  exceptionally  coarse  elastic 
fibers.  Papilla:  containing  blood-vcs.sels  arc  present  everywhere  ex- 
cept in  the  depressions  between  the  colunin;e  rugarum.  It  is  generally 
stated  that  the  vagina  has  no  glands,  but  according  to  the  observa- 
tions of  von  Preuschen  and  C.  Ruge,  a  few  isolated  glands  occur  tlH 
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the  vagina.  They  are  relatively  simple  in  structure,  form  irregular 
tubes,  and  are  lined  by  ciliated  columnar  epithelium.  The  excre- 
tory ducts  are  lined  by  stratified  squamous  epithelium.  Diffuse 
adenoid  tissue  is  met  with  in  the  mucosa,  which  sometimes  assumes 
the  form  of  lymphatic  nodules. 

The  muscular  coat,  which  in  the  lower  rejrjon  is  quite  prominent^ 
may  be  separated  indistincdy  into  an  outer  longitudinal  and  an  in- 
ner circular  layer  ;  the  latter  is,  as  a  rule,  poorly  developed,  and  may 
be  entirely  absent.  The  muscular  coat  is  especially  well  developed 
anteriorly  in  the  neighborhood  of  the  bladder. 


*^. 
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Fig.  2S7  ^From  section  ol  human  labia  minora. 


The  outer  fibrous  layer  consists  of  dense  connective  tissue 
loosely  connected  with  the  adjacent  structures. 

At  its  lower  end  the  vagina  is  partially  clo.sed  by  the  hymen 
which  must  be  regarded  as  a  rudiment  of  the  membrane  which  in 
the  embryo  separates  the  lower  segment  of  the  united  Miillerian 
ducts  from  the  ectoderm  of  the  sinus  urogcnitalis.  Accordingly, 
the  epithelium  on  the  inner  surface  of  the  hymen  partakes  of, the 
character  of  the  vaginal  epithelium  ;  that  on  the  outer  surface"  re- 
sembling the  skin  in  structure  (G.  Klein). 
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The  epithelium  of  the  vestibulum  gradually  assumes  the  char- 
acteristics of  the  epidermis  ;  its  outer  cells  lose  their  nuclei  and 
sebaceous  glands  occur  here  and  there  in  the  neighborhood  of  the 
urethral  orifice  and  on  the  labia  mijiora.  Hair  begins  toap{>car  on 
the  outer  surface  of  tlic  labia  majora. 

The  clitoris  is  covered  by  a  thin  epithelial  layer,  resembling  the 
epidermis.  This  rests  on  a  fibrous-tissue  mucosa  having  numerous 
papillae,  some  of  which  contain  capillaries,  others  special  nerve- 
endings.  In  the  clitoris  of  the  adult  no  glands  are  found.  The 
greater  portion  of  the  clitoris  consists  of  cavernous  tissue,  homol- 
ogous to  the  corpora  cavernosa  of  the  penis ;  the  corpus  spongi- 
osum is  not  present  in  the  clitoris. 

The  glands  of  Bartholin,  the  homologues  of  the  glands  of 
Cowpcr  in  the  male,  are  mucous  glands  situated  in  the  lateral 
walls  of  the  vestibule  of  the  vagina.  The  terminal  portions  of 
their  ducts  are  lined  by  stratified  squamous  epithelium. 

Free  sensory  nerve-endings,  with  or  without  terminal  enlarge- 
ments, have  been  demonstrated  in  the  epithelium  of  the  vagina 
(Gawronski).  The  sensory  nerve-fibers  form  plexuses  in  the 
mucosa,  and  lose  their  nieduilaiy  sheaths  as  they  approach  the 
epithelium.  Sympathetic  ganglia  are  met  with  along  the  course  of 
these  nerves,  and  nnnmedullated  nerves  terminate  in  the  involuntary 
muscular  tissue  of  the  vaginal  wall. 

In  the  connective-tissue  papilla;  and  in  the  deeper  portions  of  the 
mucosa  of  the  glans  clitoridis  arc  found,  besides  the  ordinary  type 
of  tactile  corpuscles  and  the  spherical  end-bulbs  of  Krause,  the  so- 
called  genital  corpuscles  (sec  p.  171).  Numerous  Pacinian  cor- 
puscles have  been  observed  in  close  proximity  to  the  ner\'e-fibers 
of  the  clitoris  and  the  labia  minora. 


In  varying  regions  of  the  medullary  sub-stance  of  the  ovar>', 
but  more  usually  in  the  neighborhood  of  the  hilum,  there  occur 
irregular  epithelial  cords  or  tubules  provided  with  columnar  epithe- 
lium, ciliated  or  nonciliatcd,  which  constitute  the  paroophoron. 
These  are  the  remains  of  the  mesonephros,  and  are  continuations 
of  that  rudimentary  organ — the  cpoophoron — of  similar  structure 
which  lies  within  the  broad  ligament.  The  separate  tubules  of  the 
epoophoron  communicate  with  the  duct  of  Gartner  (Wolffian  duct), 
which  in  the  human  being  is  short,  ends  blindly,  and  never,  as  in 
certain  animals,  opens  mto  the  lower  portion  of  the  vagina.  These 
derivatives  of  the  primitive  kidney  consist  of  blindly  ending  tubules 
of  varying  length  lined  by  a  ciliated  epithelium,  the  cells  of  which 
are  often  found  in  process  of  degeneration. 

The  hydatids  of  Morgagni  are  duplications  of  the  peritonetun. 
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t.  THE  SPERMATOZOON. 

The  semen,  or  sperma,  is  a  fluid  that,  as  a  whole,  consists  of 
the  secretion  of  several  sets  of  glands  in  which  the  sexiia!  cells,  the 
sperm atosomes,  or  spermatozoa,  which  are  formed  in  the  testes,  are 
suspended 

We  shall  first  consider  the  structure  of  the  typical  adult  sperma- 
tosome,  taking  up  consecutively  its  component  parts.  Three  prin- 
cipa!  parts  may  be  distinj^'uished — the  luad,  the  utiddic piece,  and 
the  taii  or  fiagdium.  The  round  or  oval  body  of  the  head  termi- 
nates in  a  lanceolate  extremity.  The  former  consists  of  chromatin, 
and  is  most  intimately  associated  with  the  phenomenon  of  fertiliza- 
tion. The  middle  piece,  which  is  attached  to  the  jiosterior  end  of 
the  head,  is  composed  of  a  protoplasmic  envelop  which  surrounds  a 
portion  of  the  so-called  axial  thread.  The  latter  is  enlarged  ante- 
riorly just  behind  the  head  to  form  the  terminal  nodule,  which  fits  into 
a  depression  in  the  head.    From  the  middle  piece  on,  the  axial  thread 

I^^P  Fig.  288.— Diagram  showing  the  general    characteristic*  of  ihe   spermaloxoa  of 

^^H  various  vertebrates :     a.    Lance ;    b^  segments    of  the  accessor}-  thread  ;    c,    accessory 

r  thread  ;  J,  body  of  the  head  ;  f,  terminal  nodule  ;  /,  middle  piece  ;  g,  marginal  thread  ; 

I  h^  axial  thread  ;  «,  undulating  membrane  ;  I:,  fibrils  of  the  axial  thread  ;  /,  libriis  of  the 

^H         IS  continued  into  the  tail  of  the  spermatozoon,  and  is  here  sur- 
^^  rounded  by  a  transparent  substance — the  sheath  of  the  axial  thread. 

The  envelop  is  lacking  at  the  posterior  extremity  of  the  tail,  where 
the  axial  thread  extends  for  a  short  distance  as  a  naked  filament 
called  the  end-piece  of  Retzius.  From  the  middle  piece  a  still  finer 
thread  is  given  off.  the  marginal  thread,  which  extends  at  a  certain 
distance  from  the  axial  thread  as  far  as  the  end-piece  of  Retzius. 
In  its  course  it  crosses  and  recrosscs  t!ie  axial  thread  at  various 
points,  and  may  even  wind  around  it  in  a  spiral  manner.  In  all  in- 
stances it  is  connected  with  the  sheath  of  the  axial  thread  by  a 
delicate  membrane — the  nndidating  membrane.  Another  and  still 
more  delicate  filament— the  accessory  thread — runs  parallel  with  the 
axial  thread  along  the  surface  of  its  sheath  and  terminates  at  a  cer- 
tain  distance  from  the  end-piece  of  Retzius.  Near  the  extremity  of 
the  flagellum  and  immediately  in  front  of  the  end-piece  is  another 
and  shorter  membrane, — the  ritdder  membrane, — which  is  continu- 
ous with  the  undulating  membrane.      Maceration  reveals  a  fibrillar 
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structure  of  both  the  axial  and  marginal  threads  (Ballowitz),  while 
the  accessory  thread  is  separated  into  a  number  of  short  segments.1 
In   mammalia,  and  especially  in  man,    the 
A    (i\    r\  spermatozoa    seem    to    be    more  simply   con- 

L  A  WJ   I      /    **      slructed.       Here    the    head    is    p)'riform,    and 
S|r    ^F    \fr-  t>      somewhat   flattened,  with  a  slight  ridge  along 
I       I         I --  f     ^'^'^   depression   at  either   side  of   its   anterior 
'       W        *  thinner  portion  (Fig.  289).     In  some  mammalia 

(mouse),  the  head  is  provided  with  a  so- 
called  cap,  which  corresponds  to  the  lance 
previously  mentioned.  The  middle  piece  is 
relatively  long  and  shows  a  distinct  cross- 
striation,  which  may  be  attributed  to  its  spiral 
structure.  Here  also  the  middle  piece  is  tra- 
versed by  the  axial  thread,  which  ends  at  the 
head  in  a  terminal  nodule,  and  may  be  sep- 
arated as  in  other  mammalia  into  a  number 
of  fibrils.  Some  years  ago  Gibbes  described 
an  undulating  membrane  in  the  human  sper- 
matozoon, an  observation  which  was  confirmed 
by  W.  Krause  (81).  The  head  of  the  human 
spcrmatosome  is  from  3  /^  to  ^  ^i  long,  and 
from  2  n  to  3  fi  in  breadth  ;  the  middle  piece 
is  6  //  long  and  1  /i  in  breadth  ;  the  tail  is  from 
40/^  to  (yo}t  long,  and  the  end-piece  6/i  long. 
The  spermatozoa  are  actively  motile,  a  phe- 
nomenon due  to  the  flagella,  which  give  them 
a  si)iral,  boring  motion.  They  are  character- 
izetl  by  great  longevity  and  are  very  resistant 
to  the  action  of  low  temperatures  {7'id.  Pier- 
sol,  >ii\  In  some  species  of  bat  the  sper- 
matozoa penetrate  into  the  oviduct  of  the 
female  in  the  fall,  but  do  not  contribute  to  im- 
pregnation until  the  spring,  when  the  ova  mature.  (P*or  the 
structure  of  the  sperm  a  to  somes  see  Jensen,  Ballowitz.) 


Fig.  289. — Human 
spermatozoa.  'I  he  two 
at  the  left  after  Kctzius 
(81)  ;  the  one  nt  the 
extreme  left  is  seen  in 
profile ;  the  other  in 
surface  view  ;  the  one 
at  the  rii^hl  is  drawn  as 
dcscribe<J  h\  Jensen  :  it. 
Hood  ;  b,  trrminnl  nod- 
ule ;  r,  middle  piece  ; 
</,  tnil ;  (t  end-piece  of 
Ret^ius. 


2.  THE  TESTES. 

The  testis  is  inclosed  within  a  dense  fibrous  capsule, — ^thc 
tunica  albugima, — about  one-sixteenth  of  an  inch  in  thickness,  and 
surrounded  by  a  closed  serous  sac,  derived  from  the  peritoneum 
during  the  descetvt  of  the  testes,  and  therefore  lined  by  mesothelial 
cells.  This  serous  sac — the  tuuica  vaginalis — consists  of  a  visceral 
layer  attached  to  the  tunica  albuginca,  and  a  parietal  layer  which 
blends  with  the  scrotum.  The  cavity  contains  normally  a  small 
amount  of  serous  fluid.  On  the  inner  surface  of  the  tunica  albuginca 
is  found  a  thin  layer  of  loose  fibrous  tissue  containing  blood-vessels 
— tile  tunica  vascuiosa.     The  tunica  albuginea  is  thickened  in  its 
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posterior  portion  to  form  the  mt^diastinum  tfstis,  or  the  corpus 
Highvwriy  whicli  projects  as  a  fibrous-tissue  rid|jc  for  a  variable 
distance  into  the  substance  of  the  testis.  The  ^ro&<>  structure  of  tlie 
testis  is  best  seen  in  a  saj^dttal  h>ii|:^ttudinal  section.  P2vcn  a  low 
magnification  will  shoAv  that  the  testis  is  composed  of  lobules.  These 
are  produced  by  septa  which  extend  into  the  sub.stance  of  the  organ 
and  are  derived  from  the  investing  tunics  of  the  testis  and  diverge  in 
a  radiate  manner  from  the  mediastinum  testis.  The  lobules  are  of 
pyramidal  shape,  with  their  bases  directed  toward  the  capsule  and 
their  apices  toward  the  mediastinum.  They  consist  principally  of 
the  seminiferous  tubuies,  whose  transverse,  oblique,  and  longitudinal 

Lobule  of  testis.      Tunica  albuKinea. 


^—Capui  cpidi* 
dymiais. 


('or|>us  Hijfhmori 
.itjd  rete  tesUs. 


iilood-vcssel. 


■y 


■^Tubuli  recti. 


■»./ 


-  Vas  cpididy  midis. 


Fig.   290, — Longiiudinat  section  iliruuj^li  tiuin.111  testis  and  epididymis.     The  light  areas 
between  the  lobules  are  the  rtbraus- tissue  sepia  of  the  testis ;   >,  2. 


sections  may  be  observed  in  sections  of  the  testis.  When  isolated, 
these  tubules  are  seen  to  begin  in  the  testis  as  clo.sed  canals,  which 
are  closely  coiled  upon  each  other  (convoluted  tubules)  and  describe 
a  tortuous  course.  u?itil  they  finally  reach  the  corpus  Highmori. 
Immediately  before  the\'  reach  the  latter,  the  convoluted  tubules 
change  into  short,  straight  and  narrow  segments — the  straight 
tubu/i's,  or  htbtili  recti.  W'itiiin  the  corpus  Highmori,  all  the  straight 
tubules  of  the  testis  unite  to  form  a  tubular  network — the  rete  testis 
(Haller). 

From  this  network  about  fifteen  tubules — the  vasa  efferentia — 
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arise.  The  latter,  at  first  straight,  soon  begin  to  wind  in  such  a  man- 
ner that  the  various  convolutions  of  each  canal  form  an  independent 
system,  invested  by  a  fibrous  sheath  of  its  own — coni  I'ascttlosi 
Haltcri.  These  lobules  constitute  the  elements  of  the  globus  major 
of  the  epididymis.  In  cross-section  the  vasa  efferentia  are  seen  to 
be  stellate  in  shape.  The  vasa  efferentia  gradually  unite  to  foi"m 
one  canal — the  vas  cpididymidis.  This  is  markedly  convoluted  and 
is  situated  in  the  body  and  tail  of  the  epididymis  itself. 

The  epithelium  of  the  convoluted  seminiferous  tubules  consists 
of  sustentacular  cells  (cells  or  columns  of  Sertoli)  and  of  spemia- 
togenic  elements.  The  former  arc  high,  cylindric  structures  (see 
below),  the  basilar  surfaces  of  which  are  in  contact.  They  do  not 
form  a  continuous  la}'er,  but  their  basal  processes  are  interwoven 
to  form  a  superficial  network  surrounding  the  epithelium  of  the 


Fig.  igr.  Fig.  aqa. 

Sustentacular  cells  (cells  of  Sertoli)  of  the  guinea-pig  ( chronie-silver  method). 
Pigure  291,  surface  view  of  the  seminiferous  tubules;  ligure  292,  proiile  view;  X  220: 
a,  Basilar  surface  of  a  cylindric  sustentacular  cell  ;  by  flattened  sustentflcular  cell  ;  r,  r, 
depressions  in  the  sustentacular  cells  due  to  pressure  from  the  spertnatogenic  cells ;  t/, 
basilar  portion  of  sustentacular  cells. 


seminiferous  tubules.  (Fig.  292.)  In  the  meshes  of  the  reticulum 
are  deposited  numbers  of  plate-like  cells,  which  lie  in  contact  with 
the  basement  membrane  and  also  represent  sustentacular  elements 
{i^U.  Merkel.  71). 

Between  the  sustentacular  cells  are  found  from  four  to  si.x  rows 
of  cells,  possessing  relatively  large  nuclei,  rich  in  chromatin,  and 
derived  from  cells  of  the  deeper  strata  by  mitotic  cell  division.  The 
epithelium  of  the  convoluted  portion  of  the  seminiferous  tubules  is» 
therefore,  a  stratified  epithelium.  The  cells  of  this  epttfielium 
present  various  pecuMarities  according  to  their  stage  of  development, 
and  will  be  considered  more  fully  in  discussing  spermatogenesis. 
Kxtemally,  the  walls  of  the  convoluted  tubules  are  limited  by  a 
single  layer  or  several  layers  of  spindle-shaped,  epithelioid  cells.  A 
basement  membrane  is  present,  but  ver>'  thin,  and  in  some  cases 
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hardly  capable  of  demonstration.  The  convoluted  tubules  are 
separated  from  each  other  by  a  small  amount  of  connective  tissue, 
in  which,  in  addition  to  the  vessels,  nerves,  etc.,  are  found  peculiar 
groups  of  large  cells  containing  large  nuclei,  and  known  as  interstitial 
cells.  Nothing  definite  is  known  regarding  the  significance  of  these 
cells  ;  but  they  are  probabU'  remains  of  the  W'olffian  body.  Reinkc 
(96)  found  repeatedly  crystalloids  of  problematic  significance  in  the 
interstitial  cells  of  the  normal  testis. 

The  stratified  epithelium  of  the  convoluted  tubules  changes  in 


.-A 


Fig-   293,— From  section  of  human  testis,  showing  convoluted  seminiferous 

tubules. 

the  tubuli  recti  to  an  epithelium  consisting  of  a  single  layer  of  short 
columnar  or  cubical  cells  resting  on  a  thin  basement  membrane. 

The  canals  of  the  rete  testis  (Haller)  are  lined  by  nonciliated 
epithelium,  which  varies  in  type  from  flat  to  cubical.  Communicat- 
ing with  the  rete  testis  is  a  blind  canal,  the  vas  abcrrans  of  tlie  rete 
testis,  lined  with  ciliated  epithelium. 

The  vasa  efferentia  are  lined  partly  by  ciliated  columnar  and 
partly  by  nonciliated  cubical  epithelium.  The  two  varieties  form 
groups  which  alternate,  giving  rise  to  nonciliated  depressions, 
which    represent  gland-like  structures  (Schaffer,  92),  but  do  not 


Fig.  »95.— Cnwutection  of  tn^  rpididymidis  of  human  testis. 

The  vas  cpididymidis  is  lined  by  stratified  ciliated  columnar 
epithelium,  resting  on  a  thin  mucosa,  outside  of  which  there  is 
found  an  inner  circular  and  an  outer,  though  thin  and  not  continuous, 
longitudinal  layer  of  nonstriated  muscular  tissue. 

An  aberrant  canalictilus  also  communicates  with  the  vas  cpi- 
did\midis.  and  is  here  known  as  the  vas  aberrans  HalUri.     Num- 
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bers  of  convoluted  and  blindly  ending  canaliculi  are  frequently 
found  imbedded  in  the  connective  tissue  around  the  epididymis. 
These  constitute  ihc  paradidymis,  or  organ  of  Giraldes. 

The  biood- vessels  of  the  testis  spread  out  in  the  corpus  High- 
mori  and  in  the  tunica  vasculosa  of  the  connective-tissue  septa  and 
of  the  tunica  albui^nea,  their  capillaries  encircling  the  seminal  tu- 
bules in  well-marked  networks. 

The  lymphatic  vessels  begin  in  clefts  In  the  tunica  albuginea  and 
in  the  connectivetissue  between  the  convoluted  tubules.  The)'  con- 
verge toward  the  corpus 


■'.r/-^ 


7 


Highmori  and  pass 
thence  to  the  spermatic 
cord. 

Retzius  (93)  and  Tim- 
ofecw  (94)  have  described 
plexuses  of  nonmedul- 
lated,  varicose  nerve-fibers 
surrounding  the  blood- 
vessels of  the  testis.  From 
such  plexuses  single 
fibers,  or  small  bundles  of 
such,  could  be  traced  to 
the  seminiferous  tubules, 
about  which  they  also 
form  plexuses.  Such 
fibers  have  not  btjen 
traced  into  the  epithelium 
lining  the  tubules.  In 
the  epididymis  Timofeew 
found  numerous  sympa- 
thetic ganglia,  the  cell- 
bodies  of  the  sympathetic 

neurones  of  which  were  surrounded  by  pericellular  plexuses.  In 
the  wall  of  the  vas  cpididymidisand  the  vasa  efferentia  were  observed 
numerous  varicose  nei-ve-fibers,  arranged  in  the  form  of  a  plexus, 
many  of  which  seemed  to  terminate  on  the  nonstriated  muscle  cells 
found  in  these  tubes.  Some  of  the  nen'e-fibers  were  traced  into  the 
mucosa,  but  not  into  its  epithelial  lining. 


/I 
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1 
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Fig.  296, — Sccrion  of  dog's  testis  with  in- 
jected blood- vessiels  (low  power)  :  a,  Seminifer- 
ous tubule ;  i>,  connective-tissue  septum  ;  <:,  bltxxl- 
vcsstl. 


3.  THE  EXCRETORY  DUCTS. 

The  vas  defirens  posses.ses  a  relatively  thick  Inuscular  wall,  con- 
sisting of  three  layers,  of  which  the  middle  is  circular  and  the  other 
two  longitudinal.  The  subepithelial  mucosa  is  abundantly  supplied 
with  elastic  fibers  and  presents  longitudinal  folds.  The  lining  epi- 
thelium is  in  part  simple  ciliated  columnar  and  in  part  stratified 
ciliated  columnar,  with  two  rows  of  nuclei.  The  cilia  are,  however, 
often  absent,  beginning  with  the  lower  portion  of  the  vas  epidi- 
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dymidis.  According  to  Steiner,  the  epithelium  of  the  vas  deferens 
varies.  It  may  be  provided  with  cilia  in  the  lower  segments,  or  it 
may  even  be  similar  to  that  found  in  the  bladder  and  ureters. 

The  inner  muscular  layer  is  wanling  in  the  ampulla  of  the  vas 
deferens  ;  here  the  epithelium  is  mostly  simple  columnar  and  pig- 
mented. Besides  tlic  folds,  there  are  also  cvaginatiuns  and  tubules 
wdiich  sometimes  form  anastomoses — structures  which  may  be  re- 
garded as  glands. 

The  seminal  vesicles  are  also  lined,  at  least  when  in  a  distended 
condition,  by  simple,   nonciliated  columnar   epithelium  containing"^ 
yellow  pigment.     In  a  collap.sed  condition  the  epithelium  is  pseudo-- 
stratified,  with  tvvo  or  even  three  layers  of  nuclei.     The  arrange- 
ment of  the  epithelial  cells  in  a  single  layer  would  therefore  seem 
to  be  the   result  of  distention.      The  mucous  membrane  show^s 
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Fig.  297.— Cross-section  of  vas  deferens  near  the  epididymis  (human). 


numerous  folds,  wliich.  in  the  guinea-pig  for  instance,  present  a 
delicate  axial  connective-tissue  stroma.  Besides  scanty  subepithe- 
lial connective  tissue,  the  seminal  vesicles  are  provided  with  an  inner 
circular  and  an  outer  longitudinal  layer  of  muscle-fibers.  Sperma- 
tozoa are.  as  a  rule,  not  met  with  in  the  seminal  vesicles. 

The  epithelium  nf  the  cjaculatory  ducts  is  composed  of  a  single 
layer  of  cells  ;  the  inner  circular  muscle-layer  is  very  poorly  devel- 
oped. In  the  prostatic  portion  of  the  ejaculator}^  ducts  the  longi- 
tudinal muscle-layer  miii^^des  with  the  musculature  of  the  [irostate 
and  loses  its  indi\iduality.  The  ejaculatory  ducts  empty  either 
directly  into  the  urethra  at  the  colliculus  .seminalis.  or  indirectly 
into  the  prostatic  portion  of  the  urethra  through  the  vesicula 
prostatica. 

Ih^ prostate  is  a  compound  branched  tubulo-alveolar  gland.     Its- 
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capsule  consists  of  dense  layers  of  nonstriated  muscle- fibers,  connec- 
tive tissue,  and  yellow  elastic  fibers.  Processes  and  lamellae  com- 
posed of  all  these  elements  extend  into  the  interior  of  the  gland,  con- 
verging toward  the  base  of  the  coUiculus  seminalis.  Between  the 
larger  trabeculae  are  situated  numerous  glands,  consisting  of  large, 


Fig.  2g8. — Cross-secrion  of  wall  of  seminal  reside,  showing  the  folds  of  the 

mucosa  (human). 


^^i-  299. — From  section  of  prostate  gland  of  man. 

irregular  alveoli,  separated  by  fibromuscular  septa  and  trabeculjE. 
The  alveoli  are  lined  by  simple  columnar  epithelium,  the  inner 
portion  of  the  cells  often  shnwinj^  acidophile  granules.  Now  and 
then  the  alveoli  present  a  pseu  dost  rati  lied  ci)ithclium,  with  two 
rows  of  nuclei  (Rudinger.  83).     A  basement  membrane,  although 
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present,  is  difficult  to  demonstrate  and  consists  of  a  network  of  deli- 
cate connective- tissue  threads,  as  was  shown  by  Walker.  The 
numerous  excretor>'  ducts,  lined  by  simple  columnar  epithelium,  be- 
come confluent  and  form  from  i  5  to  30  collecting  ducts  which  empty*, 
as  a  rule,  either  at  the  colliculus  seminalis  or  into  the  sulcus  prosta- 
ticus.  Near  their  terminations  the  larger  ducts  are  lined  by  transi- 
tional epithelium  similar  to  that  lining  the  prostatic  portion  of  the 
urethra. 

In  the  alveoli  of  the  glands,  peculiar  concentrically  laminated 
concrements  are  found,  known  as  prostatic  bodies  or  concretions 
(corpora  amylacea).  They  are  more  numerous  in  old  men,  but  are 
found  in  the  prostates  of  young  men  and  also  of  young  boys. 
The  secretion  of  the  prostate  (succus  prostaticus)  is  not  mucous 
in  character,  but  resembles  a  serous  secretion  and  has  an  acid  reac- 
tion. The  vesicula  prostatica  (sinus  pocularis)  is  lined  by  stratified 
epithelium,  consisting  of  two  layers  of  cells  and  provided  with  a  dis- 
tinct cuticular  margin  upon  which  rest  cilia.  In  its  urethral  region 
occur  short  alveolar  glands. 

The  glands  of  Cowper  are  branched  tubular  alveolar  glands,  the 
alveoli  being  hned  by  mucous  cells.  The  smaller  excretory  ducts, 
lined  by  cubical  epithelium,  unite  to  form  two  ducts,  one  00  each  side 
of  the  urethra  ;  Ihese  are  i  |^i  inches  long,  and  are  lined  by  strat- 
ified epithelium  consisting  of  two  or  three  layers  of  cells. 

Tiie  blood -vessels  of  tlie  prostate  ramify  in  the  fibromuscular 
trabeculae  and  form  capillar)'  networks  surrounding  the  alveoli.  The 
veins  collecting  the  blood  pass  to  the  peripher\'  of  the  gland,  where 
they  form  a  plexus  in  the  capsule.  The  lymphatics  begin  in  clefts 
in  the  trabecular  and  follow  the  veins.  The  terminal  branches  of 
the  vessels  supplying  Cowper's  glands  are,  in  their  arrangement, 
like  those  of  other  mucous  glands. 

Numerous  s\'mpathetic  ganglia  are  found  In  the  prostate  under 
the  capsule  and  in  the  larger  trabecular  near  the  capsule.  The 
neuraxes  of  the  sympathetic  cells  of  these  ganglia  may  be  traced 
to  the  vessels  and  into  the  trabecular ;  tiieir  mode  of  ending  has, 
however,  not  been  determined.  Small  meduUated  ner\'e-fibers 
terminate  in  these  ganglia  in  pericellular  baskets.  Tiniofeew  has 
described  peculiar  encapsulated  sensor>'  nerve-endings,  found  in  the 
prostatic  and  membranous  portioiis  of  tlie  urethra  of  certain  mam- 
malia. They  consist  of  the  terminal  branches  of  two  kinds  of  nerves, 
inclosed  within  nucleated  laminatetl  capsules  :  one  large  medul- 
lated  nerve-fiber,  after  losing  its  medullar)'  sheath,  breaks  up  into  a 
small  number  of  ribbon -shaped  branches  with  serrated  edges,  which 
may  pass  more  or  less  directly  to  the  end  of  the  nerve-ending  or 
may  be  bent  upon  themselves;  and  ver\'  much  smaller  medullated 
nerve-fibers  which,  after  losing  their  medullary  sheaths,  divide  into 
a  large  number  of  varicose  filjers  which  form  a  dense  network  en- 
circling the  ribbon-shaped  fibers  prrviously  mentioned. 

The  penis  consi.sts  of  three  c\'lindric  mas.scs  of  erectile  tissue 
— the  two  corpora  cavernosa,  forming  the  greater  part  of  the  penis 
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and  lying  side  by  side,  and  the  corpus  spongiosum,  surroynding 
the  urethra  and  lying  below  and  between  the  corpora  cavernosa. 
The  two  latter  are  surrounded  by  a  dense  connective-tissue  sheath, 
the  tunica  albuginca.  These  erectile  bodies  are  surrounded  by  a 
thin  layer  of  skin,  containing  no  adipose  tissue  and  no  hair-follicles. 
The  corpus  spongiosum  is  enlarged  anteriorly  to  form  tiie  glans 
penis. 

The  principal  substance  of  the  erectile  bodies  is  the  so-called 
erectile  tissue :  septa  and  trabecule,  consisting  of  connective 
tissue,  elastic  fibers,  and  smooth  muscle-cells  inclosing  a  sys- 
tem of  communicating  spaces.  These  latter  may  be  regarded  as 
venous  sinuses,  the  walls  of  which,  lined  by  endothelial  cells,  are 
in  apposition  to  the  erectile  tissue.  Under  certain  conditions  the 
venous  sinuses  are  distended  with  blood,  but  normally  they  are  in 
a  collapsed  state  and  form  fissures  which  simulate  the  clefts  found 
in  ordinary  connective  tissue.  In  other  words,  there  is  here  such 
an  arrangement  of  the  blood-vessels  within  the  erectile  tissue  that 
the  circulation  may  I)e  carried  on  with  or  without  the  aid  of  the 
cavernous  spaces.  The  arteries  of  the  corpora  cavernosa  possess 
an  especially  well-developed  musculature.  They  ramify  through- 
out the  trabeculae  and  septa  of  the  erectile  tissue  and  break  up 
within  the  septa  into  a  coarsely  meshed  plexus  of  ca[)illaries.  A  few 
of  these  arteries  empty  directly  into  the  cavernous  spaces.  On  the 
other  hand,  the  arteries  give  ofTa  rich  and  narrow-meshed  capillary 
network  immediately  beneath  the  tunica  albuginea.  This  is  in  com- 
munication with  a  deeper  and  denser  venous  network,  which,  in  turn, 
gradually  empties  into  the  venous  sinuses.  Aside  from  these  there 
are  anastomoses  between  the  arterial  and  venous  capillaries,  which 
later  communicate  with  the  venous  network  just  mentioned.  The 
blood  current,  regulated  as  it  thus  is,  may  pass  either  through 
the  capillaries  alone,  or  may  divide  and  flow  through  both  these 
and  the  venous  sinuses.  These  conditions  explain  both  the  erec- 
tile and  quiescent  state  of  the  penis.  The  relations  are  somewhat 
diliterent  in  the  corpus  spongiosum  urcthriE  and  in  the  glans  penis. 
In  the  corpus  spongiosum  the  arteries  do  not  open  directly  into 
the  venous  spaces,  but  break  up  first  into  capillaries.  In  the  sub- 
mucosa  of  the  urethra  there  is  found  a  rich  venous  plexus.  In  the 
glands  the  arteries  end  in  capillaries  which  pass  over  into  veins  with 
well -developed  muscular  walls.  The  blood  is  collected  by  means 
of  the  venze  emissari.'e  which  empty  into  the  vena  dorsalis  penis  and 
into  the  venrc  profunda^. 

The  epithelium  of  the  urethra  varies  in  the  several  regions.  The 
prostatic  portion  possesses  an  epithelium  similar  to  that  of  the 
bladtier.  In  the  membranous  portion,  the  epithelium  may  be  simi- 
lar to  that  found  in  the  prostatic  portion,  but  more  often  pre- 
sents the  appearance  of  a  pseuilostratificd  epithelium  with  two  or 
three  layers  of  nuclei.  The  cavernous  region  is  lined  by  pseudo- 
stratified  epithelium,  except  in  the  fossa  navicularis,  where  a 
stratified  squamous  epithelium  is  found.      Between  the  fibro-elastic 
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mucosa  and  the  epithelium  there  is  a  basement  membrane.  There 
occur  in  the  urethra,  beginning  with  the  membranous  portion,  ir- 
regularly scattered  epithelial  sacculations  of  different  shapes.  Some 
of  these  show  alveolar  branching,  and  are  then  known  as  the  glands 
of  Littre. 

The  submucosa  of  the  cavernous  portion  of  the  urethra,  which 
contains  nonstriated  muscle-tissue  arranged  circularly,  is  richly  sup- 
plied with  veins,  and  contains  pronounced  plexuses  communicating 
with  cavernous  sinuses,  which  correspond  in  general  to  those  of  the 
corpora  ca\^ernosa  penis. 

The  glans  is  covered  by  a  layer  of  stratified  squamous  epithe- 
lium, often  possessing  a  thin  stratum  corneum  (see  Skin).  Near 
the  corona  of  the  glans  penis  there  are  now  and  then  found  small 
sebaceous  glands  (see  Hair),  known  as  glands  of  Tyson.  The  pre- 
puce is  a  duplication  of  the  skin,  the  inner  surface  presenting  the 
appearance  of  a  mucous  membrane. 

The  nerves  terminating  in  the  glans  penis  have  recently  been 
studied  by  Dogiel,who  made  u&c  of  the  methylene-blue  method  in' 
his  investigation.  He  finds  Mei.ssner's  corpuscles  in  the  connectiv^e- 
tissue  papillae  under  the  epithelium,  Krau.se's  spheric  end-bulbs 
somewhat  deeper  in  the  connective  tissue,  and  the  genital  corpuscles 
situated  still  deeper  (see  Sensory  Nerve-endings).  In  the  epithelium 
are  found  free  sensor)-  nerve-endings.  Pacinian  corpuscles  have 
also  been  found  in  this  region. 


4.  SPERMATOGENESIS. 

In  order  that  the  student  may  obtain  an  understanding  of  the  com- 
plicated process  of  spcrn^atogcnesis  we  shall  give  a  description  of  it 
as  it  occurs  in  salamandra  maculosa,  which  of  all  vertebrate  animals 
presents  the  phenomena  in  their  simplest  and  best  known  form. 
The  student  should  understand,  however,  that  many  of  the  details 
here  described  have  not  been  ob.set-ved  in  the  testes  of  mammalia  ; 
and,  since  the  spermatozoa  uf  many  of  the  mammalia  are  of  simpler 
structure  than  those  of  the  salamander,  the  development  of  the 
spermatozoa  uf  the  former  is  consequently  simpler.  It  should  also 
be  noticed  that  the  general  structure  of  the  testes  of  the  salamander 
diflfers  in  some  rcs|iects  from  that  of  the  testes  of  mammalia,  as  given 
in  the  preceding  pages. 

At  first  the  seminiferous  tubules  consist  of  solid  cellular  cords, 
and  it  is  only  during  active  production  of  spermatozoa  that  a  central 
lumen  is  formed,  in  which  the  sjx'rmatosomcs  then  lie.  The  cells 
which  compose  these  solid  cords  may  be  early  differentiated  into  two 
classes — those  of  the  one  cla.ss  being  directly  concerned  in  tlic  pro- 
duction of  the  spermatosomes  ;  those  of  the  other  appearing  to  have 
a  more  passive  role.  The  cells  of  the  first  class — the  spermatogo- 
nia, or  priwitivc  seminal  cells — undergo  a  process  of  division  accom- 
panied by  an  increase  in  size.  In  this  way  the)'  soon  commence  to 
press  upon  the  cells  of  the  second  class — ihcfollieular  oy  susfenrncu- 
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lar  ceils.  The  result  is  that  the  nuclei  of  the  latter  are  forced  more 
or  less  towarti  the  wall  of  the  seminal  tubule,  while  their  proto- 
plasm is  so  indented  by  the  adjacent  spermatogonia  that  the  cells 
assume  a  flattened  cylindric  shape  presenting^  indentations  and 
processes  on  all  sides.  In  this  stage  the  spermatogonia  have  a 
radiate  arrangement  and  entirely  surround  the  elongated  susten- 
tacular  cells.  At  present  three  periods  are  distinguished  in  the 
development  of  the  male  sexual  cells  (spermatosomes)  from  the 
s{x;rmatogonia.  The  first  period  embraces  a  repeated  mitotic  divi- 
sion of  the  spermatogonia — the  period  of  proliferation.  In  the  sec- 
ond, the  spermatogonia,  which  have  naturally  become  smaller  from 
repeated  division,  begin  to  increase  in  size — the  period  o^  growth. 
The  third  is  characterized  by  a  modified  double  mitotic  division 
without  intervening  period  of  rest,  ancf  results  in  the  matured  sper- 
matozoa— the  period  of  maturation,  figure  300.  During  the  third 
period,  a  very  important  and  significant  process  takes  place — the 

Primordial  sexual  cell. 


Spermato^iiLt... 


k  Zone  of  prolifcRltion. 

(The  Ktrneratioiis  are 

much  larger.) 


Zone  of  growth. 


I  Zone  of  maturation. 


Spermaiocyte  I  order.— —^ 

Spermatocytes  II  order. 
Spermatids. 

Fig.  300. — Schemaik  diagram  of  spermatogene-sis  as  it  occurs  In  ascom  (after  Boveri). 
("Ergebn.  d.  AnaU  u.  Entw.,"  Bd.   I.) 

reduction  in  the  number  of  chromnsomes,  so  that  in  the  spermvitids, 
the  chromosomes  are  reduced  to  half  the  number  present  in  a 
somatic  cell  of  the  same  animal.  The  manner  in  which  this  reduc- 
tion in  the  number  of  chromosomes  takes  place  will  be  described  as 
it  occurs  in  salamandra  maculosa. 

After  the  cells  composing  the  List  generation  of  spermato- 
gonia have  attained  a  certain  size  (period  of  growth),  they  under- 
go kar>'okinetic  divi.sion.  First,  the  usual  skein  or  spirem  is 
formed,  but  instead  of  dividing  into  twenty-four  chromosomes,  as 
in  the  somatic  cell,  the  filament  of  the  skeJn  segments  into  only 
twelve  loops.  The  cell  thus  provided  with  twelve  chromosomes 
now  enters  upon   the   period  of  maturation,   and  is  known   as  a 
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spermatocyte  of  the  first  order,  or  a  "mother  cell"  (O.  Hert* 
wig,  90).  The  division  of  these  cells  is  heterotypic  (I'/i/.  p.  70); 
the  chromosomes  split  longitudinally  and  in  such  a  way  that  the 
division  begins  at  the  crown  of  the  loops,  extending  gradually 
toward  their  free  ends.  In  this  case  the  daughter  chromosomes 
remain  fur  some  time  in  contact,  so  that  the  metakinetic  figure 
resembles  a  barrel  in  shape.  Finally,  the  daughter  chromosomes 
separate  and  wander  toward  the  p<4es.  As  soon  as  the  daughter 
stars  (diaster)  are  developed,  the  number  of  chromosomes  is  again 
doubled  by  a  process  of  longitudinal  division.  The  spermatocyte 
of  the  first  order  thus  di\ides  into  two  spermatoc>-tes  of  the  second 
order,  or  daughter  cells  (O.  llertwig,  90).  The  nuclei  of  the 
daughter  cells  now  contain  twenty-four  chrom<isomes,  as  is  the 
case  in  the  somalic  cell,  and,  without  undergoing  longitudinal  split- 
ting, the  daughter  chromosomes  are  distributed  to  the  two  nuclei 
of  the  spermatids.  In  other  words,  the  latter  contain  only  twelve 
chromosomes.  The  spermatozoa  are  formed  from  the  spermatids 
by  a  rearrangement  of  the  constituent  elements  of  these  cells.  It 
may  thus  be  said  that  even  in  the  stage  of  the  segmenting  skein  in 
the  mother  cells,  the  spermatocytes  of  the  first  degree  contain  twice 
as  many  chromosomes  as  a  somatic  cell,  a  condition  which  is 
first  clearly  seen  in  the  stage  of  the  diaster  (here  only  an  apparent 
duplication  in  the  diaster  stage).  As  a  result,  there  is,  first,  a  de- 
crease in  the  double  number  of  chromosomes  found  in  the  sperma- 
tocytes of  the  second  tlegree  to  the  normal  number;  second,  a 
decrease  in  the  number  of  chromosomes  in  the  spermatocytes  of  the 
third  degree  (spermatids)  to  one-half  the  number  present  in  a 
somatic  cell,  a  condition  probably  due  to  the  fact  that  here  there 
is  no  stage  of  rest  nor  longitudinal  splitting  of  the  chromosomes. 
This  is  the  general  process  in  heterotypic  division.  Besides  the 
heterotypic  form,  there  occurs  in  the  division  of  the  spermatocytes 
another  (hunieutypic)  form  of  karj'okinetic  cell-ilivision.  This  dif- 
fers from  the  heterotj-pic  in  the  shortness  of  the  chromosomes,  the 
absence  of  the  barrel  phase,  the  late  disappearance  of  tJie  aster, 
and  the  absence  of  duplication  in  the  chromosomes  of  the  diaster. 
According  to  Meves  (96),  the  spermatocytes  of  the  first  degree 
undergo  lieterotypic,  those  of  the  second  degree,  homeotyiMC 
division. 

The  spermatids  develop  into  the  spermatozoa,  beginning  imme- 
diately after  the  close  of  the  second  division  of  maturation.  This 
process  has  been  fully  described  for  salamandra  maculosa  by  Her- 
mann, Flemming.  Iknda,  and  others,  but  need  not  engage  our 
attention  at  this  point  beyond  the  statement  that  the  chromatin  of 
the  nuclei  of  the  spermatids  develops  into  the  heads  of  the  sperma- 
tozoa, while  the  remaining  structures  are  developed  from  the  proto- 
plasm. *•  The  mature  spermatozoon  of  the  salamander  represents 
a  completely  metamorphosed  cell  ;  in  the  course  of  its  ilevelop- 
ment  no  portion  of  the  original  cell  is  c;ist  off"  (Meves,  97). 

Spermatogenesis  in  mammalia  may  be  comj>ared  to  tlie  foregoing 
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process,  witli  the  exception  that  here  the  different  stages  arc  seen 
side  by  side  in  the  semioiferous  tubule  and  without  any  apparent 
sequence,  making  tlie  successive  stages  more  difficult  to  demon- 
strate. The  various  generations  of  cells  form  columns,  and  are 
arranged  in  such  a  manner  that  the  younger  are  found  near  the 
lumen  and  the  older  close  to  the  wall  of  the  tubule,   (Figs.  501  and 
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Fig.  301. — Schematic  diagram  of  section  through  convoluted  seminiferous  tubule 
of  mammal,  shuwing  the  rlevelupmeot  of  the  5<permatosomes.  The  number  of  chromo- 
somes is  not  shown  in  the  various  generations  of  the  spennatogenic  ceils.  The  pro- 
gressive development  of  ihe  spermatogenic  elements  is  illustrated  in  the  eight  sectors 
of  the  circle  ;  <r,  Young  sustcntacular  cell  ;  ^,  sjiennfttogonium  ;  c,  spermatocyte  ;  rt', 
spermatid.  In  l,  2,  3,  and  4  the  spermatids  rest  00  the  enlarged  sustenlacular  cell  in  the 
center  of  the  sector  ;  on  both  sides  of  the  sustenlacular  cells  are  the  spermatogenic  or 
mother  cells  in  mitosis.  In  the  sectors  5,  6,  7,  and  8  spennatozoa  are  seen  in  ad- 
%'anced  stages  resting  un  the  sustenlacular  cells,  with  new  generations  of  spermatids  on 
each  side.      [From  Rauber  (after  Brown)  with  changes  (after  Hermann).] 


302.)  These  columns  are  separated  from  each  other  by  high  sus- 
tentacular  cells,  or  Sertoli's  cells  or  columns.  The  metamorphosis 
of  the  cells  into  spermatids  and  spcrmatosomes  is  accomplished 
by  the  changing  of  the  cells  bordering  upon  the  lumen  and  then 
of  those  in  the  deeper  layers,  etc.,  into  spermatids  and  then 
into  spermatosomcs.      During  this  process  the  spermatids  arrange 
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themselves  around  the  ends  of  Sertoli's  columns,  a  phenomenon 
which  was  formerly  regarded  as  representing  a  copulation  of  the 
two  elements,  although  it  was  clearly  understood  that  no  real 
fusion  or  interchange  of  chromatin  occurred,  but  tliat  the  close 
relations  of  the  two  were  for  the  purpose  of  furnishing  nourishment 
to  the  developing  spermatosonies.  The  whole  forms  a  spermato- 
blast of  von  Ebner.  Since  the  spermatids  lining  the  lumen  are 
clianged  into  spermatozoa,  and  the  process  is  repeated  in  the  cells 
of  the  deeper  layers  as  they  come  to  the  surface,  the  result  is  that 
the  entire  Cf^umn  is  finally  used  up.  The  compensator^'  elements 
are  supplied  by  the  proliferatiuii  of  the  adjacent  spermatogonia. 
The  resulting  products  again  divide,  and  thus  build  up  an  entirely 
new  generation  of  spcrmatogenic  cells.  Hand  in  hand  with  these 
progressive  phenomena  occurs  an  extensive  destruction  of  the  cells 
taking  part  in  spermatogenesis.  This  is  shown  by  the  presence  of 
so-called  karj-olytic  figures  in  the  ceils,  which  later  suffer  complete 
demolition. 

These  developmental   changes  are  represented   in  the  preced- 
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Fig.  302. — Section  of  coiivolulcd  tubule  from  rat's  testicle  (after  vcwi  Ebneri 
88).  The  jwrftmidal  stnictures  arc  the  susienmcular  cells,  together  with  spermatids  and 
spermatosomes.  Between  these  are  speminlogciiic  cells,  some  of  which  arc  tn  pruccAS 
of  mitotic  division.  Below,  on  the  l)a<-ement  tnembraiie  and  concealiny  the  sjjcrmato- 
gonia,  are  black  points  rcprcsentiiiig  fat-globules,  a  characteristic  uf  ihc  rat's  testicle. 
Fixation  with  Flemming's  Huid. 


ing  schematic  figure  (Fig.  301),  and  may  in  part  be  observed  in 
figure  302. 

In  mammalia  it  has  been  possible  to  trace  the  development 
of  the  spermatids  into  the  spermatosomes.  These  phenomena  have 
been  studied  and  described  by  numerous  writers,  and  although 
many  conflicting  views  have  been  expressed,  tlie  e.ssential  steps  of 
this  process  seem  quite  clearly  established.  The  account  here 
given  is  based  in  part  on  the  recent  observations  of  v.  Lenhossek 
and  the  obser\'alions  of  Benda.  licfore  considering  the  method  of 
development  of  the  sj>ermatosomes  from  the  spermatids,  a  few  words 
concerning  the  structure  of  the  latter  ma\'  be  useful.  The  sharply 
outlined  spermatid  possesses  a  slightly  granular  protoplasm  and  a 
round  or  slightly  oval  nucleus  with  a  delicate  chromatic  network. 
In  the  protoplasm  there  is  found  a  sharply  defined  globule,  known 
as  the  sphere  or  sphere  substance,  which  lies  near  the  nucleus  and 
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presents  throughout  a  nearly  homogeneous  structure.  This  sub- 
stance is  first  noticed  in  the  sfjcrinatocytes,  disappears  during  the 
cell-divisions  resulting  in  the  spermatids,  and  reappears  in  the  latter. 
In  the  protoplasni  of  the  spermatid,  lying  near  the  nucleus,  there 
is  further  found  a  small  globular  body,  the  chrumatoid  accessory 
nucleus  of  Heuda,  smaller  than  the  sphere  and  staining  very  deeply 
in  Heidenhain's  hematoxylin.  A  true  centrosome  may  also  be 
found  in  the  spermatid. 

The  nucleus  of  the  spermatid  develops  into  the  head  of  the 
spermatosomc,  during  which  change  the  originally  spheric  nucleus 
becomes  somewhat  llattened  and  at  the  same  time  assumes  a  denser 
structure  and  moves  toward  that  portion  of  the  spermatid  pointing 
away  from  the  lumen  of  the  seminiferous  tubule.  Accompanying 
these  changes  in  the  nucleus,  marked  changes  are  observed  in  the 
shape  and  structure  of  the  sphere,  which  marks  the  position  of  the 
future  anterior  end  of  the  head  of  the  spermatosome.  and  applies 
it-self  to  the  nucleus  on  the  side  pointing  away  from  the  lumen  of 
the  tubule-  In  this  position  it  diflTerentiates  into  an  outer  clear 
homogeneous  zone  and  a  central  portion  which  stains  more  deeply 
and  to  which  v.  Lenhossek  has  given  the  name  akrosome.  From 
these  structures  are  developed  the  head-cap  and  the  lance  of  the 
spermatosomes,  which  differ  in  shape  and  relative  size  in  the  sper- 
matosomes  of  the  different  vertebrates.  Recent  investigation  seems 
to  establish  quite  clearly  that  the  axial  thread  of  the  tail  \?>  devel- 
oped from  the  centro.some  (from  the  larger,  if  two  are  present)^  which 
is  situated  at  some  distance  from  the  nucleus.  Soon  after  the  begin- 
ning of  the  development  of  the  axial  thread  the  centrosome  wanders 
to  the  posterior  part  of  the  future  head  of  the  spermatosome  (the 
pole  of  the  nucleus  opposite  the  head-cap)  and  becomes  firmly 
attached  to  the  nuclear  membrane  in  this  position  (observations 
made  on  the  rat  by  v.  Lenhossek,  and  on  the  salamander  by  Meves). 
The  middle  piece  and  the  undulating  membrane,  it  wou!d  appear, 
are  differentiated  from  the  protoplasm,  although  the  question  of  the 
mode  of  their  development  is  still  open  to  discussion.  The  chro- 
matoid  body  assumes  a  position  near  the  axial  thread  at  its  junc- 
tion with  the  cell  membrane ;  its  fate  has  not,  however,  been  fully 
deterniiiied. 

According  to  Hermann  (97),  the  end-piece  in  the  selachia  is 
derived  from  the  centrosome,  the  ring-shaped  body  from  the  invagi- 
nated  half  of  the  intermediate  body  of  the  .spermatid  formed  during 
the  last  spermatocytic  division,  and  the  axial  thread  from  filaments  of 
the  proximal  half  of  the  central  spindle.  The  lance,  according  to 
him,  represents  a  modified  portion  of  the  nuclear  membrane  of  the 
spermatid. 

For  further  particulars  regarding  spermatogenesis  see  the  in- 
vestigations of  v.  la  Valette  St.  George,  67-87  ;  v.  Brunn,  84 ; 
Biondi,  Ben  da,  Meves,  and  v.  Lenhossek. 
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TECHNIC 

The  ovaries  of  the  smaller  animals  are  better  adapted  to  study 
than  those  of  the  humain  being,  since  the  former  are  more  easily  fixed. 

The  germinal  epithelium  and  its  relations  to  the  egg-tubes  of 
PflOger  are  best  studied  in  the  ovanes  of  young  or  newly  born  animals — 
cats,  for  instance,  being  especially  well  adapted  to  this  purpose. 

Normal  human  ovaries  are  usually  not  easily  obtainable.  Human 
ovaries  very  often  show  pathologic  changes,  and  in  middle  life  frequently 
contain  but  few  follitles. 

Fresh  ova  may  be  easily  procured  from  the  ovaries  of  sheep,  pig, 
or  cow  in  the  slaughter-hoLises.  On  their  surfaces  are  prominent  trans- 
parent areas — the  larger  follicles.  If  a  needle  be  inserted  into  one  of 
these  follicles  and  the  li<iuor  folliculi  be  caught  upon  a  slide,  the  ovum 
may  as  a  rule  be  found,  together  with  its  corona  radiata.  That  part  of 
the  preparation  containing  the  ovum  should  be  covered  with  a  cover-glass 
under  the  edges  of  which  strips  of  cardboard  are  laid.  If  no  such  strips 
are  employed,  the  zona  pellucida  of  the  ovum  is  likely  to  burst  in  the  field 
of  \ision,  giving  rise  to  a  funnel-shaped  tear.  These  tears  have  often 
been  pictured  and  described  as  preformed  canals  (micropyles). 

The  best  fixjng  fluid  for  ovarian  tissue  is  Flemming's  or  Her- 
mann's, either  of  which  may  be  med  for  small  ovaries  or  pieces  of  large 
ovaries  ;  safranin  is  then  used  for  staining,  (iood  results  are  also  ob- 
tained with  corrosive  sublimate  (staining  with  hematoxylin  accordmg 
to  M-  Heidenhain),  and  also  with  picric  acid  (staining  with  borax- 
carmin). 

The  ireatmenl  of  the  Fallopian  tubes  is  the  same  as  that  of  the 
intestine  ;  in  order  lo  olnain  cross  sect  ions  of  a  tul>e  it  is  advisable  to  dis- 
sect away  the  peritoneum  near  its  line  of  attachment  and  then  distend  the 
tulie  before  fixing.  It  is  instructive  to  dilate  the  tube  by  filling  it  with 
the  fixing  agent,  thus  causing  many  of  the  folds  to  disaj>pear. 

No  special  technic  is  necessary  in  fixing  the  uterus  and  vagina. 
The  epithelium  is,  however,  best  isolated  with  one-third  alcohol. 

Seminal  fluid  to  which  normal  salt  solution  has  been  added  may 
be  examined  m  a  fresh  condition.  The  effect  ujjon  the  spermatozoa  of  a 
very  dilute  solution  of  potassium  hydrate  ( i  '/r  or  weaker)  or  of  a  very 
dilute  acid  (aLeticauid)  is  worth  noticing.  The  spermaloKoa  of  sala- 
mandra  maculosa  show  the  different  structural  parts  ver)'  clearly  (lance, 
undulating  membrane,  marginal  thread,  etc.).  In  macerated  prepara- 
tions ( ver>'  dilute  rhromic  acid),  or  in  those  left  for  some  time  in  a 
moist  chamber,  the  fibrillar  structure  of  the  marginal  and  axial  threads 
may  be  seen  quite  dislim  ily.  The  spermatozoa  may  also  be  examined 
in  the  form  of  dry  [ireparations  (treatment  as  for  blood),  stained,  for 
instance,  with  safranin.  Osmic  acid,  its  mixtures,  and  osmic  vapors  are 
useful  as  fixing  agents,  certain  structures  being  better  brought  out  so  than 
by  employing  the  dry  methods. 

In  examining  the  testicle  (spermatogenesis)  it  is  advisable  to 
begin  with  the  testis  of  the  salamander,  which  does  not  show  .such  com- 
plicated structures  as  do  the  testes  of  mammalia.  Here  also  cither  Flem- 
ming's or  Hermann's  fluid  may  be  used  as  a  fixing  agent,  the  latter  being 
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followed  by  treatment  with  crude  pyroligneous  acid.  For  the  salaman- 
der Hermann  recommends  a  mixiure  composed  of  i%  platinum  chlorid 
15  c.c,  zfc  osmic  acid  2  ex.,  and  glacial  acetic  acid  1  c.c,  and  for 
mammalia  the  same  solution  with  double  the  amount  of  osmic  acid. 
The  fluid  is  allowed  to  act  for  some  days,  the  specimen  then  being 
washed  for  twenty -four  hours  in  running  water  and  carried  over  imo  alco- 
hols of  ascending  strengths.  Paraffin  sections  are  treated  as  follows : 
Place  for  from  twenty -four  to  forty -eight  hours  in  safranin  (safranin  i 
gm.  is  dissolved  in  10  c.c.  of  absolute  alcohol  and  diluted  with  90  c.c. 
of  anilin  water).  After  decolorizing  with  pure  or  acidulated  absolute 
alcohol  the  sections  are  ]jlaced  for  three  or  four  hours  in  gentian-violet 
(saturated  alcoholic  solution  of  gentian -violet  5  c.c.  and  anilin  water 
100  c.c),  and  are  then  placed  for  a  few  hours  in  iodo-iodid  of  potassium 
solution  untii  they  have  become  entirely  black  (iodin  i»  iodid  of  potas- 
sium 2,  water  300);  finally,  they  are  wa.shed  in  absolute  alcohol,  until 
they  become  violet  with  a  dash  of  brown.  The  various  structures  api>ear 
differently  stained  :  for  instance,  the  chromatin  of  the  resting  nucleus 
and  of  the  dispirem/bluish  violet ;  the  tnie  nucleoli,  red;  while,  on  the 
other  hand,  in  the  aster  and  diaster  stages  the  chromatin  stains  red. 

It  is  of  esjjecial  importance  that  small  testicles  should  not  be  cut  into 
pieces  before  fixing,  as  this  causes  the  seminal  tul>ules  to  swell  up  and 
show  marked  changes,  even  in  regions  at  some  distance  from  the  cut 
(Hermann,  93,  Ij. 

The  treatment  of  the  remaining  parts  of  the  male  reproductive  organs 
requires  no  special  technic. 


VI,  THE  SKIN  AND  ITS  APPENDAGES, 


A.  THE  SKIN  (CUTIS). 

The  skin  consists  of  two  rntiniately  connected  structures — the 
one,  of  mesodermic  origin,  ts  the  true  skin,  corium  ur  tier m is ;  the 
other,  of  ectodermic  origin,  is  the  cpidcnnis  or  cuticle.  The  super- 
ficial layer  of  the  corium  is  raised  into  ridges  and  papillae  which 
penetrate  into  the  epidermis,  the  spaces  between  the  papilLne  being 
filied  with  epidermal  elements.  Thus,  the  lower  surface  of  the 
epidermis  is  alternately  indented  and  raised  into  a  system  of  furrows 
and  ele\'ations  corrcspmitling  to  the  molding  of  the  cnrtrium. 

In  the  epidermis  two  laj'ers  of  cells  may  be  obscr\'cd — the 
stratum  Maipighii,  nr  stratum  germinativiim  (Flemming),  and  the 
homy  layer,  or  stratum  corneum.  According  to  the  shape  and 
characteristics  of  its  cells,  the  stratum  germinativum  may  also  be 
divided  into  three  layers — first,  the  deep  or  basal  layer,  consisting^ 
of  columnar  cells  resting  immediately  upon  the  corium  ;  second, 
the  middle  layer,  consisting  of  polygonal  cells  arranged  in  several 
strata,  the  number  of  the  latter  vai^^ing  according  to  the  region  of 
the  body ;  and  third,  the  upper  layer,  or  stratum  g-rani(/osuin, 
which  is  comj5osed,  at  most,  of  two  or  three  strata  of  gradually 
flattening  cells  characterized  by  their  peculiar  granular  contents. 
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All  these  cell  la)crs  consist  of  prickle  cells,  and  for  this  reason  the 
stratum  Malpighii  is  smnetimes  kiKJwn  as  the  stratum  spinosum. 
When  these  cells  are  isulated  by  certain  methods,  tlieir  surfaces  are 
seen  to  be  provided  witli  short,  thread-like  processes.  In  section 
the  cells  appear  to  be  joined  together  b)'  their  processes.  Since  it 
has  been  proved  that  the  processes  of  adjacent  cells  do  not  lie  side 
by  side,  but  meet  and  fuse,  they  niust  be  rej^arded  as  belonging  alike 
to  both  cells.  Between  the  fused  processes,  which  are  known  as 
intercellular  bridges,  there  exists  a  system  of  channels  which  is  in 
communication  with  the  lymjihatic  system  of  the  corium.  The 
prickles  just  mentioned  are  variousl}-  regarded  b)-  different  investi- 
gators ;    some    considering   them   to   be   exclusively   protoplasmic 
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Fig.  J03. —  L'nder  surface  of  ihc  cpiilemiK  separated  from  ihe  cutis  by  boiling.  The 
sweat-glands  may  be  traced  for  a  considerable  part  of  their  length ;  '/  40 :  a.  Sweat- 
gland  ;  b^  longitudinal  ridge  ;  <-,  depression  ;  </,  cross-ridge. 

processes  of  the  cells,  others  regarding  them  as  derived  from  the 
membranes  of  the  cells  composing  the  stratum  Malpighii.  Ranvier 
and  others  ascribe  a  fibrillar  structure  to  the  peripheral  portion  of 
the  cellular  protoplasm,  and,  according  to  them,  these  fibrillje. 
surrounded  by  a  small  qviantity  of  indifferent  protoplasm,  Ibrm 
the  processes.  Ranvier  has  also  shown  tJ\at  such  fibrilla?  may 
extend  from  one  cell  around  several  others  before  reaching  their 
ultimate  destination  in  other  cells  at  some  distance.  (Fig.  305.)  The 
cells  of  the  stratum  granulosuni  contain  peculiar  deposits  of  a  sub- 
stance to  which  Waldej'cr  has  given  the  name  of  keratohyalin. 
This  substance  occurs  in  the  form  of  irregular  bodies  varying  \n  size 
and  imbedded  in  the  protoplasm.     The  nuclei  of  such  cells  always 
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show  degenerative  processes,  which  are  possibly  due  to  the  forma- 
tion of  the  keratohyalin  (Mertsching,  Tcttenhamcr),  These  karyo- 
lytic  figures  and  kcratohyahn  possess  "in  common  many  apparently 
identical  microchemic  peculiarities,  and  it  is  very  probable  that 
karA'olysis  and  the  formation  of  keratohyalin  are  processes  origin- 
ally verj'  closely  allied — /.  f.,  that  the  keratohyalin  is  derived  from 
the  fragments  of  the  dying  nucleus. 

The  stratum  corneum  forms  the  outer  layer  of  the  epidermis  and 
presents,  as  a  rule,  a  somewhat  differentiated  lower  stratum.     Tiiis 
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Fig.  304. — Cross-seciJoa  of  skia  of  child,  with  blood-vessels  injected  ;  X  30. 


latter  is  more  especially  noticeable  in  those  regions  in  which  the 
stratum  corneum  is  highly  developed,  and  is  known  as  the  stratum 
lucidum.  It  is  quite  transparent,  this  property  being  due  to  the 
presence  in  its  cells  of  a  homogeneous  substance,  which  is  in 
all  probability  a  derivative  of  the  more  solid  keratohyalin  of 
the  stratum  graiiulosum.  The  cells  of  the  stratum  corneum  are 
more  or  less  flattened  and  cornified,  especially  at  their  periphen,*. 
This  applies  more  particularly  to  the  superficial  cells.  In  the  inte- 
rior of  each  cell  a  more  or  less  degenerated  nucleus  may  be  seen, 
but  otherwise  its  contents  are  homogeneous,  or.  at  most,  arranged 
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in  concentric  lamellae  (Kolliker,  89).  Here  and  there  between  the 
cornified  cells  structures  may  be  seen  which  probably  represent  the 
remains  of  intercellular  bridges.  The  thickness  of  the  epidermis 
varies  greatly  according  to  the  locality,  and  is  directly  proportionate 
to  the  number  of  its  cell  layers.  As  a  rule,  the  stratum  Malpighii 
is  thicker  than  the  stratum  corneum,  but  in  the  palm  of  the  hand 
and  the  sole  of  the  foot  the  latter  is  considerably  the  thicker. 

The  various  layers  of  the  epidermis  are  in  close  genetic  relation- 
ship to  one  another.  The  constant  loss  to  which  the  epidermis  is 
subjected  by  desquamation  is  compensated  by  a  continuous  upward 
pushing  of  its  lower  elements  ;  eel  I -pro  life  ration  occurs  in  the 
basal  cells  and  adjacent  cellular  strata  of  the  stratum  germinativum 
(Malpighii),  where  the  elements  are  often  seen  in  process  of  mitotic 
division.  The  young  cells  are  gradually  pushed  outward,  and  dur- 
ing their  course  assume  the  general  characteristics  of  the  elements 

composing     the    layers 
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through  which  thcypass. 
For  instance,  such  a  cell 
changes  first  into  a  cell 
of  the  stratum  germina- 
tivum ;  tlien,  when  it 
commences  the  forma- 
tion of  keratohyalin,  into 
a  cell  of  the  stratum 
granulosum;  later,  into 
a  cell  of  the  stratum  lu- 
cidum,  and  finally  into 
an  element  of  the  stra- 
tum corneum,  where  it 
loses  its  nucleus,  conii- 
fies,  and  at  last  drops  off. 
The  mesodermic  por- 
tion of  the  skin,  the  co- 
rium,  consists  of  a  loose, 
subcutaneous  connective  tissue  containing  fat,  the  subcutaneous 
layer,  with  the  panniculus  adiposus,  and  of  the  true  skin,  or 
corium  proper.  The  amount  of  adipose  tissue  in  the  subcutaneous 
layer  is  subject  to  great  variation  ;  there  arc,  howcv^er,  a  few  re- 
gions in  which  there  is  normally  very  little  or  no  fat  (external  ear, 
eyelids,  scrotum,  etc.).  To  the  subcutaneous  connective  tissue  is 
due  the  mobility  of  the  skin.  The  corium  may  be  compared  to  the 
mucosa  of  a  mucous  membrane,  and  consists  of  two  layers — of  a 
dee[)er  and  looser  /xjrs  rcthu/nn's,  and  of  a  superficial  pars  papillaris 
supporting  the  papilla.*.  The  transition  from  the  one  to  the  other 
is  very  gradual.  Klastic  fibers  are  present  in  the  connective  tissue 
of  both  lajers. 

The  pars  reticularis  is  made  of  bundles  of  connective-tissue  fibers 
arranged  in  a  network,  nearly  all  of  the  strands  of  which  have  a  direc- 
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tion  parallel  with  the  surface  of  the  skin  and  are  surrounded  by  a  retic- 
ulum of  rather  coarse  elastic  fibers.  In  that  portion  of  the  pars  papil- 
laris bordering  upon  the  epidermis,  the  interlacing  strands  of  con- 
nective tissue,  as  well  as  the  surrounding  reticulum  of  clastic  fibers, 
are  finer,  so  that  the  whole  tissue  is  denser.  This  stratLim  supports 
the  papillae — knob-like  or  conical  elevations  of  still  denser  tissue  end- 
ing in  one  or  more  points.  We  accordingly  speak  of  simple  or  com- 
pound papillae.  These  structures  are  especially  numerous  and  well 
developed  in  the  palm  of  the  hand  and  sole  of  the  foot,  where  they 
are  from  1 10  /i  to  220  n  long.  Here  they  rest  upon  ridges  of  the 
corium,  which  are  nearly  always  arranged  in  double  rows.  Accord- 
ing to  whether  the  papillae  contain  blood-vessels  alone,  or  special 
nerve-endings  also,  they  are  known  as  vascidlar  or  tactile  papillse. 
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Fig.  306. — CrosS'Section  of  human  epidermis  ;  tlie  deeper  layers  of  the  stratum 
Malpighij  are  not  represented ;  X  750' 


The  smallest  papillae  are  found  in  the  mamm^  and  scrotum — from 
30  /i  to  50  ti  Inng.  The  surface  of  the  pars  papillaris  is  covered  by 
an  extremely  delicate  membrane — the  basement  membrane.  Accord- 
ing to  most  authors,  the  basa!  cells  of  the  epidermis  are  simply 
cemented  to  this  structure.  Others  believe  that  the  epithelial  cells 
arc  pro\'ided  with  short  basilar  processes  which  penetrate  into  the 
basement  membrane  and  meet  here  with  similar  structures  from  the 
connective-tissue  cells  of  the  coriiim.  This  would  give  the  base- 
ment membrane  a  fibrillar  structure  (Schuberg). 

The  subcutaneous  layer  contains  numerous  more  or  less  verti- 
cal strands  of  connective  tissue,  containing  numerous  large  elastic- 
tissue  fibers  and  joining  the  stratum  reticulare  of  the  corium  to  the 
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superficial  fascia  of  the  body  or  underlying  structure,  whatever  that 
may  be.  These  strands  are  the  rctinacula;  cutis,  and  inclose  in 
their  meshes  masses  of  fatt>'^  tissue  which  form  tlie  panuicitlvs 
(uiiposus.  The  latter  varies  greatly  in  thickness  in  different  parts 
of  the  bod)'.  The  \ertically  arranged  cords  of  connective  tissue 
are  accompanied  by  blood-vessels,  nerves,  and  the  excretory  ducts 
of  glands. 

Smooth  muscle-fibers  are  also  present  in  the  skin,  and  around 
the  hair  follicles  are  grouped  into  bundles.  Nearly  continuous 
layers  of  smooth  muscle  tissue  are  found  in  the  subcutaneous  layer 
of  the  scrotum  (forming  here  the  tunica  dartos),  in  the  perineum, 
in  the  areolae  of  the  mamma:,  etc.  In  the  face  and  neck  striated 
mnsclc-fibcrs  also  extend  outward  into  tfie  corium. 

E\'en  \\\  the  white  race  certain  regions  of  the  epidermis  always 
contain  pigment — as,  for  instance^  the  areola;  and  mammillce  of  the 
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Fig.  307. — Cross-section  of  negro's  skin,  showing  the  intimate  relationship  of  the 
pigment  cells  of  the  corium  to  the  basilar  cells  of  the  epidermis.  The  latter  are  more 
deeply  pigmented  at  their  outer  ends.  The  pigment  granules  ma^  be  traced  into  the 
outermost  layers  of  the  stratum  corncum ;  >;  525. 


mammary  glands,  the  scrotum,  labia  majora,  around  the  anus,  etc. 
In  these  regions  the  epithelial  cells  and  the  connective-tissue  cells  of 
the  pars  papillaris  corii  contain  a  variable  number  of  small  pigment 
granules.  The  latter  occur  chtefl\'  in  the  basal  cells  of  the  epider- 
mis and  diminish  perceptibly  in  the  cells  of  the  overlying  layers,  so 
that  in  those  of  the  stratum  corneuni  few,  if  an}',  arc  left.  In 
negroes  and  other  colored  races  the  deep  pigmentation  is  due  to  a 
similar  distribution  of  the  pigment  granules  in  the  entire  epidermis ; 
but  even  here  the  pigmentation  decreases  toward  the  surface, 
although  the  uppermost  cells  of  the  stratum  corncum  ahvaj's  con- 
tain some  pigment.  The  nuclei  of  the  cells  are  always  free  from  the 
coloring-matter.  The  question  as  to  the  origin  of  the  pigment  is 
as  yet  unsolved.  This  much  is  known  :  that  in  those  regions  where 
pigment  is  present  certain  branched  and  deeply  pigmented  conncc- 
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tive-tissue  cells  are  found  immediately  beneath  the  epidermis,  sending 
out  processes  which  may  be  traced  outward  between  the  cells  of 
the  stratum  Malpighii  (Aeby).  This  fact  has  led  some  authors  to 
believe  tiiat  the  conncclive  tissue  is  in  reality  the  source  of  the  pig- 
ment, and  that  by  some  unknown  process  the  latter  is  taken  up  and 
conveyed  to  the  cells  of  the  epidermis.  This  theory  would  preclude 
a  direct  production  of  pigment  granules  in  the  epidermal  cells.  But 
although  it  can  not  be  denied  that  the  pigment  may  be  derived  from 
the  connective  tissue,  it  is  hardly  logical  tu  assume  n  priori  that 
epithelial  cells  are  not  capable  of  pigment  production,  since,  in  other 
regions  of  the  body,  pigment  formation  may  be  observed  in  cells  of 
undoubted  epithelial  origin,  as,  for  instance,  in  ganglion  cells  and  in 
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Ffg.  308. — A  reconstruction  showing  the  arrangement  of  the  bloorl-vessels  in  the 
akin  of  the  sole  of  ihe  friot  (Spalteholz):  a.  Stratum  Malpighii  and  corium  ;  h,  boundary 
between  cutis  and  subcuds,  in  the  region  of  the  coiled  portions  of  the  sweat-glands; 
f,  subcuiis;  J,  «.ubj«jHllary  arterial  network  ;  f,  cutaneous  arterial  network;  /",  ^',  ^,  »nd 
I,  first,  second,  third,  and  fourth  venous  plexuses. 


the  pii,^ment  epithelium  of  the  retina.  An  interesting  proof  that  the 
processes  of  pigmented  connective -tissue  cells  actually  penetrate  the 
epidermis  is  afibrded  by  the  case  reported  b\'  Karg,  of  transplanta- 
tion of  a  piece  of  skin  from  a  white  man  to  a  negro.  After  some 
time  the  piece  of  white  skin  became  pigmented.  Reinke  has  demon- 
strated that  the  pigment  in  certain  cells  is  in  combination  'with 
certain  definite  bodies.  The  latter  have  been  given  the  botanical 
name  of  tropkoplasts.  If  the  pigment  be  removed,  colorless  tropho- 
plasts  are  left.  They  may  be  tinged  with  certain  stains.  In  the 
epidermis  of  the  white  race  trophoplasts  are  also  constantly  present, 
although  they  are  only  slightly  or  not  at  all  pigmented  (Barlow). 
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Stratum 
tonieum. 


The  following  may  be  said  concerning  the  vascular  system  of  tlie 
skin  :  The  arteries  which  supply  the  skin  with  nutriment  penetrate 
the  corium  and  form  a  characteristic  network  in  its  lowest  stratum. 
They  also  anastomose  freely  in  the  fascia  and  the  subcutaneous 
layer.  From  this  plexus  branches  pass  outward  to  form  a  second 
or  subpapillary  plexus.  From  the  latter,  branches  are  again  given 
off  which,  without  further  anastomoses,  pass  along  bencatli  the 
rows  of  papiilje  antl  supply  each  separate  papilla  witli  capillary 
twigs.     These  in  turn  pass  over  into  venous  capillaries  which  unite 

and  form  four  venous 
plexuses,  one  over  tlie 
other  and  in  general 
parallel  to  the  surface 
of  the  skin.  Theupper- 
most  venous  plexus 
lies  beneath  the  pap- 
illae, each  venule  cor- 
responding to  a  single 
row  of  papillae  and 
ana.stomosing  with  its 
neighbors.  The  sec- 
ond plexus  is  found 
immediately  beneath 
tlie  first,  the  third  in 
the  lower  portion  of 
the  corium,  and  the 
fourth  at  the  junction 
of  the  cutis  and  sub- 
cutis.  Near  the  mid- 
dle of  the  subcutis  the 
arteries  show  a  circu- 
lar musculature,  but 
the  veins  are  already 
thus  provided  in  the 
network  between  the  cutis  and  subcutis,  where  they  al.so  seem  to  pos- 
sess \'alves.  As  already  stated,  the  subcutaneous  fat  is  divided  into 
lobes  by  transverse  and  lontjitudinal  bundles  of  connective  tissue  ;  a 
second  system  of  bundles  midway  between  the  cutis  and  fascia 
separates  the  pantiicutiis  adiposus  into  an  upper  and  a  lower  layer. 
The  former  is  supplied  by  direct  arterial  branches  ;  the  latter,  by 
branches  passing  backward  from  tlic  cutaneous  network.  Those 
regions  which  are  subjected  to  great  external  pressure  are  supplied  by 
a  gi'eatcr  numlK:r  of  afferent  vessels  the  caliber  of  which  is  increased, 
In  regions  where  the  skin  is  very  mobile  the  arteries  are  greatly 
convoluted.  All  these  vascular  peculiarities  are  present  in  the  new- 
born (Spalteholz). 

The  lymph-vessds  of  the  true  skin  arc  also  distributed  in  two 
layers — a  deep  and  wide-meshed  plexus  in  the  subcutis,  and  a 
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superficial  narmvv-mcsbed  plexus  immetliatclv  beneath  the  papill.T. 
Into  the  latter  empty  the  lymph-vessels  coming  from  the  papillae. 
After  treatinjT  the  skin  by  certain  methods,  a  fine  precipitate  may  be 
'  noticed  here  ami  there  in  the  papillary  region  of  the  corium,  a 
proof  that  lymph  clefts  are  present.  These  arc  regarded  as  the 
beginnings  of  the  cutaneous  lymphatic  system.  They  may  also  be 
traced  into  the  epithelium,  where  they  are  in  direct  communication 
with  the  interspinal  spaces  between  the  epithelial  cells  (Unna). 
Cells  are  also  met  with  in  the  interspinal  spaces  of  the  epidermis  ; 
tliese  are  migrator)''  cells,  or  cells  of  Langerhans. 

The  skin  owes  its  great  sensitiveness  to  the  numerous  nert'cs 
and  special  nerve -cutiings  present,  not  only  in  the  epithelium,  but 
also  in  the  corium  and  subcutis.  In  certain  regions  of  the  skin  the 
nerves  have  been  traced  into  the  epithelium.  In  tJie  finger-tip,  for 
instance,  numerous  nerves  are  seen  in  the  epidermis,  where  they 
branch  and  end  in  telodendria  with  or  without  small  terminal  swell- 
ings.    There  is    no   direct   communication  between   the   terminal 
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nerve  filaments  and  the  epithelial  cells.  (Fig.  309.)  In  certain 
peculiarly  sensitive  regions,  as  the  end  of  the  pig's  snout,  the  nerve- 
fibers  end  in  distinct  saucer-like  discs  (tactile  menisci)  which,  as  a 
rule,  clasp  the  lower  ends  of  the  basal  Malpighian  cells. 

The  special  sensory  nerve -endings  are  situated  in  the  corium 
and  subcutis.  Of  these,  we  may  mention  the  tactile  corpuscles  of 
Metssner,  the  end-bulbs  of  Krause,  the  Fadnian  corpuscles,  Ruf- 
fini's  nerve-endings,  and  the  Golgi-Mazzoni  corpuscle.9.  All  these 
special  sensory  nen^-endings  with  the  exception  of  the  two  last 
mentioned  have  been  discussed  in  a  former  chapter  (p.  169).  Meiss- 
ner's  tactile  corpuscles  are  situated  in  the  tactile  papilla;  of  the 
true  skin.     They  are  especially  numerous  in  the  hand  and  foot. 
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In  the  distal  phalanx  of  the  index-finger  every  fourth  papilla  is 
a  tactile  papilla,  containing  one  or  sometimes  two  corpuscles  of 
Meissner.  They  are,  however,  not  nearly  so  numerous  in  other 
parts  of  the  hand  or  in  the  foot.  These  coq^uscles  are  furtiier 
found  on  the  dorsal  suriace  of  the  hand  and  volar  surface  of  tlie 
forearm,  in  the  nipple  and  external  genitals,  in  the  eyelids  (border), 
and  in  the  lips.  In  figures  310  and  31  1  are  shown  two  Meissner's 
corpuscles,  giving  tlie  ap|>car.ince  presented  by  these  end-organs 
when  not  stained  witli  special  reference  to  nerve  teiniinations.  I^or 
the  latter  see  figure  137. 

The  Krause's  cnd-bulbs,  both  spheric  and  cylindric,  are,  as  a 
rule,  situated  a  short  distance  below  the  papillary  layer,  although 
they  are  frequently  found  in  the  papilla;.  They  occur  in  man  in  the 
conjunctiva,  lips,  and  external  genitals,  and  in  the  mucous  mem- 
branes previously  mentioned  (p.  1 70).  See  page  170  and  figure 
136  for  their  structure. 

In  the  palm  of  the  hand  and  sole  of  the  foot,  the  subcutaneous 
connective  tissue  contains  numerous  Pacinian  corpuscles.  Thev 
occur  also  along  the  nerve-fibers  of  thcjomts  and  in  the  periosteum 
of  the  extremities. 

Very  recently  Ruffini  demonstrated  in  the  human  corium  the 
existence  of  peculiar  nerve  end-organs,  which  consist  of  a  connec- 
tive-tissue framework  supporting  a  rich  arborization  of  telodendria. 
They  occur  side  by  side  with  the  Pacinian  corpuscles  and  in  appar- 
ently equal  numbers.  These  tierve  ternniiations  resemble  in  many 
respects  the  neurotendinous  spindles  (see  Fig.  145),  although  they 

present  certain  structural  differences. 

-T^a^  Instead  of  intrafusal  tendon  fasciculi. 

^    T^^  the   Ruffini  end-organ  is  composed 

of  white  fibrous  and  clastic  tissue. 
In  this  end-organ  the  medullatcd 
nerves  make  long  and  tortuous 
turns  before  becoming  nonmedul- 
lated,  and  the  terminations  of  these 
fierve-fibers  occupy  the  whole  of  the 
cross-section. 

The  Golgi-Mazzoni  corpuscle  re- 
sembles in  structure  the  Pacinian 
corpuscle,  although  it  possesses  fewer 
lamellae  and  a  relatively  larger  core, 
and  the  nerve  -  fibers  terminating 
therein  are  more  extensively  branched 
than  in  the  Pacinian  corpuscle.  Ruf- 
fini has  found  these  nen'c-cndings  in 
tlie  subcutaneous  tissue  of  the  finger- 
tips. 

The  blood-vessels  of  the  skin  arc  richly  supplied  with  the  vaso> 
motor  nerves,   which  terminate   in  the   nonstriated  muscle  of  the 


Tcrmifial  disc  of 
nene-fibcfs. 


Epithelial  cell. 

Con  nccl  i  vc-l  i  ssuc 
capsule. 


-—  Nenc-fiber. 


Fig.  31*. — (Jrandry's  corpuscles  from 
bill  of  duck  ;     V  500. 


THE    HAIR. 


389 


vessel  walls.     TJicse  vasomotor  nervc-fibers  are  neuraxos  of  sym- 
pathetic neurones. 

In  aquatic  birds,  and  more  especially  in  ducks,  the  waxy  skin  of 
the  beak  and  the  comified  portion  of  the  tongue  contain  the  so- 
called  corpuscles  of  Herbst,  which  resemble  the  Pacinian  corpuscles 
in  general  structure,  but  have  cubical  cells  in  the  core.  In  the  same 
tissues  are  also  foimd  the  corpuscles  of  Grandry,  60  p.  long  and 
40  ft  broad.  They  consist  of  a  thin  connective -tissue  capsule,  con- 
taining two  or  three  lart^e  cells.  The  nerve-fiber  retains  its  medul- 
lar)' sheath  for  some  distance  within  the  capsule.  The  axis-cylinder 
ends  in  discs  situated  between  the  cells  inclosed  by  the  capsule. 


B.  THE  HAIR. 

The  hair  and  nails  are  regarded  as  special  differentiations  of  the 
skin.  Hair  is  found  distributed  over  almost  the  entire  extent  of  the 
skin,  varying,  liowcver,  in  quantity  and  arrangement  in  different 
regions.  None  whatever  is  present  in  the  palm  of  the  hand  and 
sole  of  the  foot.  In  the  third  fetal  month  small  papillary  elevations 
of  the  skin  arc  seen  to  develop  in  those  areas  in  which  the  hairy 
growth  later  appears.  Under  each  of  these  elevations  there  occurs 
a  proliferation  of  the  cells  of  the  Malpighian  layer  downward  into 
the  coriuni.  Although  the  elevations  soon  disappear,  the  epithelial 
ingrowth  continues  and  finally  forms  the  hdir  genn.  This  i.s  soon 
surrounded  by  a  connective-tissue  sheath  from  the  corium,  in  which 
two  layers  may  be  distinguished.  At  the  lower  end  of  the  hair 
germ  the  corium  is  pushed  upward,  forming  a  papilla  which  pene- 
trates into  the  thickened  bulb  of  the  germ.  This  is  called  the  hair 
papilla.  In  the  mean  time  the  hair  germ  itself  is  undergoing  marked 
differentiation.  An  axial  portion,  forming  later  the  hair  and  inner 
root-sheath,  and  a  peripheral^  constituting  later  the  outer  root- 
sheath,  arc  developed.  From  the  latter  are  derived  also  the  first 
traces  of  the  sebaceous  glands,  which  in  the  adult  state  are  in  close 
relationship  to  the  hair  and  empty  their  secretion  into  the  space 
between  the  hair  and  its  sheath.  As  soon  as  the  various  layers  of 
the  hair  are  complete  it  grows  outward,  breaking  through  the  over- 
lying layers  of  the  epidermis. 

The  visible  portion  of  the  hair  is  called  the  hair  shaft,  and 
that  portion  below  the  skin  is  the  hair  root.  The  lower  portion 
of  the  hair  resting  upon  the  papilla  is  known  as  the  hair  bulb^ 
and  the  sheaths  encircling  the  root  and  bulb  are  called  the  root- 
sheaths,  the  entire  structure  constituting  the  hair foUicU'. 

The  adult  hair  is  covered  by  a  thin  cuticle,  consisting  of  over- 
lying p!ate-like  cells,  1. 1  ft  thick,  most  of  which  pos.sess  no  nuclei. 
Beneath  the  cuticle  is  the  cortical  layer,  composed  of  several  strata 
of  long,  flattened  cells  from  4.5  n  to  1 1  /i  broad  and  provided  with 
nuclei.  These  are  also  known  as  the  cortical  fibers  of  the  hair. 
Upon   treatment  with    ammonia   the    fibers   separate  into  delicate 
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iibrils,  the  hair  fibrils  (Waldeycr,  82).  Scattered  between  and  within 
tlic  cells  of  the  cortical  layer  are  varj'-ing  quantities  of  pigment 
granules.  The  axial  region  of  the  hair  is  occupied  by  the  medullary 
substance,  from  16  /i  to  20  «  in  diameter.  This  may  be  lacking  ;  but 
if  present,  consists  of  from  2  to  4  strata  of  polygonal,  nucleated  and 
pigmented  cells.     The  hair  shaft  often  contains  air  vesicles. 

The  inner  root-sheath  consists  of  three  concentric  layers — first, 
of  an  outer  single  layer  of  clear  nonnucleated  cells,  the  so-called 


FiR    31J  —  I  ....    .   .        . . ;.   u  of  luiroim  scalp;  >    12 :  .J/,  Musculus  irrector  pili ; 

f,  coriuin  ;  <'/»,  epi«1cnni5;  //,  liair  follicle ;  Gup,  aponeurosis  ;  ^/i,  swcat-glunrl ;  ghe^  *cb«- 
ceous  ({lanOs;  AT/,  club  liair;  /A  inpilla  of  hair;  Re,  rclinacula  cutis;  A'/,  ftx>l  of  hair; 
J/,  sbo/t  of  hair;  /r,  suljcutwieous  layer  (Sobotia,  "Alia*  and  Epitome  of  Histology"). 

layer  of  Henif :  second,  of  a  thicker  middle  layer,  made  up  of  a 
stratum  of  nucleated  cells  containing  keratohyalin,  the  layer  of  Hux- 
ley; and,  third,  of  an  inner  cuticle,  bordering  upon  tlie  hair. 

The  outer  root-sheath  is  made  up  of  elements  from  the  stratum 
germinativum.  Here  we  have  lo  do  with  prickle  ceils,  surrounded 
by  an  outer  layer  of  columnar  elements.  The  connective-tissue 
portion  «jf  the  hair  follicle  is  composed  of  an  outer,  loo.ser  layer  of 
longitudinal  fibrous  bundles  ;  of  an  inner,  compacter  layer  of  circu- 
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as  well  as  toward  the  hair  shaft.  Below,  in  the  region  of  the  thick- 
ened hair  bulb,  the  root-shcaths  begin  to  lessen  in  thickness,  their 
layers  becoming  more  and  more  indistinct  toward  the  base  of  the 
hair  papilla.  Finally,  all  differentiation  is  lost  in  the  region  where 
they  encircle  the  neck  of  the  papilla.  Toward  the  shaft  of  tlie  hair, 
the  root-slieath  also  undergoes  changes.  In  the  region  into  which 
the  sebaceous  glands  empty,  the  inner  root-sheath  disappears,  while 
the  outer  becomes  continuous  with  the  stratum  genninativum  of 
the  epidermis  ;  the  outer  layers  of  the  latter — the  stratum  granu- 
losum,  stratum  lucidum,  and  stratum  corneum — push  ilownward 
between  the  outer  root-sheath  and  the  hair  to  tlic  openings  of  the 
sebaceous  glands. 

Regarding  the  groivth  of  the  hair,  two  theories  arc  prevalent. 
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Fig.  315  — CroAs-MCtton  uf  human  hair  with  its  follicle  ;  X  about  500. 


The  one  theory  assumes  that  the  elements  destined  to  form  the 
epithelial  rout-sheaths  are  derived  from  the  epidermis  by  a  constant 
process  of  inva^inatiun.  The  component  parts  of  the  hair  would 
ihiis  be  <-ontiruu)Us  wilh  the  laj-ers  of  the  root-sheaths,  and  conse- 
qucDlly  with  those  of  the  epidermis.  Thus  the  basal  cells  of  the 
cxlernal  mot-sheath  would  extend  over  the  papilla,  and  be  continu- 
ou.<i  witfi  ihc  ceIN  of  the  medidla  of  the  hair  (these  relations  are 
e«*|K'cially  well  dcfincil  in  the  rabbit),  and  the  stratum  spinosum 
(mitldic  layer  of  stratum  Malpighii)  of  the  outer  root-sheath  would 
he  C(jntinti<tu.s  with  the  cortical  substance  of  the  hair.  According 
to  thiM  thc(»ry  aKso,  the  la)'er  of  Ilenle  would  correspond  to  the 
atralum   lucitlum   <»f  the   epidermis,  and   at  the  base  of  the    hair 
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would  become  its  cuticle,  while  the  layer  of  Huxley  would  form 
the  cuticle  of  the  inner  root-sheath  (Mertsching).  The  other 
theory  assumes  that  the  hair  is  derived  from  a  matrix,  consisting  of 
proliferating  cells  situated  on  the  surface  of  the  papilla.  From 
these  germinal  cells  would  be  dcriv^cd  the  medullary  and  cortical 
substance  of  the  hair,  its  cuticle,  and  the  inner  root-sheath  (Unna). 

The  shedding  of  hair  is  common  to  all  mammalia,  a  phenomenon 
occurring  periodically  in  the  majority  of  species.  In  man  the  pro- 
cess is  continuous.  Microscopic  examination  shows  that  tiic  hair 
destined  to  be  shed  becomes  loosened  from  its  papilla  by  a  cornifi- 
cation  of  the  cells  of  its  bulb.  At  the  same  time  the  cortical  por- 
tion of  the  hair  bulb  breaks  up  into  a  brush-hkc  mass.  Such  hairs 
are  called  club  hairs  or  bulb  hairs,  in  contradisUnction  to  papillary 
hairs.  In  the  region  of  the  former 
papilla  tliere  arises,  by  a  prolifera- 
tion of  the  external  root -sheath,  a 
bud  which  grows  downward,  from 
which  a  new  hair  with  its  sheaths 
and  connective- tissue  papilla  is 
developed.  The  result  is  that  the 
developing  new  hair  gradually 
pushes  the  old  hair  outward  until 
the  latter  finally  drops  nut.  The 
exact  details  of  this  process  have 
given  rise  to  considerable  discus- 
sion {yid.  Gotte  and  Stieda,  S"). 

Adjacent  to  the  hair  follicles 
are  bundles  of  smooth  muscle- 
fibers,  known  as  the  arrcctons  pi- 
ioruffi.  They  originate  from  the 
papillary  layer  of  the  corium  and 
extend  to  the  lower  part  of  the 
connective-tissue  sheath  of  the  hair 
folHclcs.  In  their  course  they  not 
infrequently  encircle  the  sebace- 
ous glands  of  the  follicle.     Since 

the  hair  follicles  have  a  direction  oblique  to  the  skin  surface,  forming 
with  it  an  acute  and  an  nbtu.sc  angle,  and  since  the  muscle  is  situated 
within  the  obtuse  angle,  its  function  may  easily  be  conceived  as 
being  that  of  an  erector  of  the  hair.  The  hair  papillse  are  very 
vascular. 

The  nert'e-fibers  o^ tht  hair  follicles  have  recently  been  studied  by 
a  number  of  investigators,  with  both  the  Golgi  and  the  mcthylene- 
blue  methods.  It  has  been  shown  that  the  hair  follicles  receive 
their  nerve  supply  from  the  nerve-fibers  which  terminate  in  the 
immediate  skin  area.  Each  follicle  receives,  as  a  rule,  only  one 
nerve-fiber,  which  reaches  the  follicle  a  short  distance  below  the 
mouth  of  the  sebaceous  gland.     The  nerve-fiber,  on   reaching  the 
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follicle,  loses  its  medullary  sheath  and  divides  into  two  branches, 
which  surround  it  in  the  form  of  a  ring.  From  this  complete  or 
partial  ring  of  nervc-fibcrs  numerous  varicose  fibers  proceed  upward 
parallel  to  the  axis  of  the  follicle  for  a  distance  about  equal  to  the 
cross-dianictcr  of  the  follicle,  to  terminate,  it  would  seem,  largely 
outside  of  the  glassy  layer  (Retzius).  In  certain  mammalia  the 
ncrvc-fibcrs  end  in  tactile  discs,  found  in  the  external  rout-sheaths 
of  the  so-called  tactile  hairs.  The  muscles  of  the  hairs  receive 
their  innervation  through  the  ncuraxes  of  sympathetic  neurones, 
which  reach  the  periphery  from  the  chain  ganglia  through  the  gray 
rami  communicaiites.  These  nerves  are  known  ^^  pilomotor  nerves, 
and  when  stimulated,  excite  contraction  of  the  erector  muscles  of  the 
hairs,  causing  these  to  assume  an  upright  position  and  producing 
the  ap|)cai-ance  termed  goose  skin,  or  cutis  anscrina.  l^anglcy 
and  Sherrington  ha\'e  made  interesting  and  important  observations 
on  the  course  and  distribution  of  the  pilomotor  nerves. 

C  THE  NAILS. 

The  nails  are  a  peculiar   modification  of  the  epidermis.     The 
external  arched  portion  is  called  the  body  of  the  nail :  that  area  upon 
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wliicl)  the  latter  rests,  the  nail  bed,  or  matrix ;  and  the  two  folds  of 
opi(iiM'ini.H  whicii  overlap  the  nail,  the  nail  walls.  The  groove  which 
cxJhtN  between  the  nail  wall  and  nail  bed  is  known  as  the  sulcus  of 
ikf  uiiUn\\  and  the  proximal  imlxrdded  portion  of  the  nail  as  the 
HHil  ivof,  ftlncc  all  growth  of  the  nail  takes  place  in  this  region. 
rin'  1141I  iK-d  Ci^nsihts  of  the  corium.  which  is  here  made  up  of  a 
doUMu  fell  work  of  coarse  connective-tissue  fibers.  Immediately 
liiMH)»ith  the  nail  the  corium  is  raised  into  a  nunilx*r  of  more 
01  \v»»  nyinnitirie  longitudinal  ridges,  which  again  become  con- 
tinuiMiN  wttli  I  he  connective-tissue  papilla:  of  the  skin  at  the  line 
whcrii  till'  nail  pr«>jects  Ixryond  its  bed. 

Tho  <lepre»»»ionM  between  the  ridges  are  occupied  by  epidermal 
Otilii,  which  uUo  form  a  thin  covering  over  the  ridges  themselves. 
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These  cells  correspond  here  to  tlic  basilar  la)'cr  of  ihe  stralum  Mal- 
pigiiii.  The  stratum  granulosum  is  not  yniformly  present,  altliough 
occurring  as  isolated  areas  in  the  region  of  the  nail  root  and  lunula, 
the  white  area  of  demilunar  shape  at  the  proximal  poition  of  the 
nail  Unna  has  demonstrated  that  the  pale  color  of  the  lunula  and 
root  of  the  nail  is  due  to  the  presence  of  keratohyalin.  Fomierly, 
this  peculiarity  was  attributed  to  a  diflerence  in  the  distribution  of 
the  vessels  in  the  varit>us  portions  of  the  nail  bed.  The  body  of 
the  nail,  with  the  exception  of  the  lunula,  is  transparent — a  con- 
dition which  may  be  explained  by  the  fact  that  the  elements  of  the 
nail  correspond  to  those  of  the  stratum  luciduni.  As  a  consequence, 
the  vessels  of  the  matrix  shine  throLpgh.  except  at  the  lunula,  where 
the  keratohyalin  granules  render  the  nail  opaque. 

The  nail  itself  consists  of  elements  homologous  to  those  of  the 
stratimi  lucidum.  They  are  flat,  transparent  cells,  clo.sely  approxi- 
mated, and  all  contain  nuclei.  The  cells  overlie  each  other  like 
tiles,  and  are  so  arranged  that  each  succeeding  lower  layer  projects 
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a  little  further  distahvard  than  the  preceding.  At  the  i>eriod  when 
the  nails  arc  formed,  about  the  fourth  month  of  fetal  life,  sulci  arc 
already  present.  The  first  trace  of  the  nait  is  seen  as  a  marked 
thickening  of  the  stratum  lucidum  in  the  region  which  later  be- 
comes the  body  of  the  nail  ;  in  this  stage  the  structure  is  still  cov- 
ered by  the  remaining  layers  of  the  stratum  corneum,  constituting 
the  cponyehium.  The  embr)'onal  nail  then  spreads  in  all  directions 
until  it  finally  reaches  the  sulcus.  Henceforward  the  growth  is 
uniform.  The  eleidin  normally  present  in  the  stratum  lucidum  of 
the  skin  also  occurs  in  the  nail,  and  is  derived,  as  we  have  already 
seen,  from  the  keratohyalin.  It  may  readily  be  conceived  that  later, 
when  growth  is  confined  to  the  root  of  the  nail,  keratohyalin  is  also 
present.  As  soon  as  the  nail  begins  to  grow  forward,  in  the  ninth 
month,  the  greater  part  of  the  eponychium  is  thrown  off;  but 
during  the  entire  extrauterine  life,  a  portion  of  the  eponychium  is 
retained  at  the  nail  wall,  and  as  hyponychium  on  the  anterior  and 
under  surface  of  the  nail. 
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D.  THE  GLANDS  OF  THE  SKIN. 

The  glands  in  the  skin  are  of  two  kinds — sweat-glands  and 
sebaceous  glands.  In  this  connection  we  may  also  consider  the 
mammary  glantis,  which  may  be  regarded  as  a  modified  skin  gland. 

I.    The   Sweat-glands. — The  sweat-glands,  or  sudoriparous 
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Fig-  319'  —  A,  B,  Two  TJews  of  a  model  of  the  coiled  portion  of  a  sweat-gl»nd 
from  the  plantar  region  of  a  inao,  reconslructed  by  Born's  wax-piate  method  ;  X  '^^ 
(  H  ubcr  -  Ad  am&on ) . 
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glands,  are  distributed  throughout  the  entire  skin,  but  are  especially 
numerous  in  certain  regions — as,  for  instance,  the  axilla,  palm  of 
the  hand,  and  sole  of  the  foot.  They  lie  imbedded  either  in  the 
adipose  tissue  of  the  true  skin,  or  still  deeper  in  the  subcutaneous 
connective  tissue. 

The  sweat-glands  are  simple  tubular  in  type,  and  tiieir  secreting 

portion  is  coiled  ;  hence 
the  name  coil-glamis. 
The  coiled  portion  of 
these  glands  measures 
0.3  to  0.4  mm.  The 
excretory  duct  is  nearly 
straight  in  its  course 
through  the  corium. 
From  here  on  its  course 
is  spiral,  and  it  should 
be  borne  in  mind  that  in 
its  passage  through  the 
epidermis  it  has  no  other 
wall  than  the  epidermal 
ceils  of  the  various  lay- 
ers through  which  it 
passes,  although  these 
cells  are  arranged  con- 
centrically around  the  lumen  of  the  duct.  The  duct  takes  part  in 
the  formation  of  the  coiled  portion  of  the  gland,  forming  about  one- 
fourth  of  the  length  of  the  tubule  which  takes  part  in  the  formation 
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Fig.  3^0. — Cross  •  section  of  tubule  of  coiled 
portion  of  sweat-gland  of  human  axilla.  Fixation 
with  sublimate  ;  X  ^OO- 
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of  the  coil.  In  figure  319  are  shown  two  views  of  a  model  of  the 
coiled  portion  of  a  sweat- inland  from  the  plantar  region  of  the  foot 
of  a  man.  The  length  of  the  tubule  in  the  coiled  portion  of  this 
gland  measures  4.25  mm.,  of  which  1.25  mm.  fall  to  the  excretory 
duct  and  3.0  mm.  to  the  secretor)'  tubule. 

The  blind  end  of  the  secreting  portion  of  the  tubule  and  the  ex- 
cretory duct  as  it  enters  the  coil  are  usually  in  close  proximity'. 
The  secretor}"  portion  of  the  tubule  of  sweat-glands  is  hned  by  a 
single  layer  of  cubic  or  columnar  cells,  with  finely  granular  proto- 
plasm and  round  or  oval  nuclei  possessing  one  or  two  nucleoh*.  Be- 
tween this  layer  of  cells  and  the  basement  membrane  there  is  found 
a  layer  of  nonstriated  muscle-cells,  longitudinally  disposed.  The 
portion  of  the  excretory  duct  found  within  the  coil  of  the  glands 
is  lined  by  a  single  layer  of  short  cubic  cells,  with  cuticular  border, 
outside  of  which  there  is  a  delicate  basement  membrane.  The 
muscular  layer  is  lacking  in 
this  and  the  remaining  portion 
of  the  duct.  The  excretory 
portion  of  the  duct  passing 
through  the  corium  is  lincil 
by  short,  somewhat  irregu- 
larly cubic  cells  arranged  in 
two  layers. 

Capillary    networks    sur- 
round the  .secreting  portions      /ffiaiLJllMB/CJ 
of  the  sweat-glands. 

The  nerves  of  the  sweat-  ^i 
glands  have  been  .studied  with 
the  aid  of  the  methyiene-blue 
method  by  Ostroumow,  work- 
ing under  Arnstein's  direction. 
These  glands  receive  their  in- 
nerv^ation  through  the  neur- 
axes  of  sympathetic  neurones, 
the  terminal  branches  of  which  form  an  intricate  network  just  out- 
side of  the  basement  membrane,  known  as  the  epilamdlar  plexus. 
From  this  plexus  fine  varicose  nerve-fibers  pass  through  the  base- 
ment membrane,  and,  after  coursing  a  shorter  or  longer  distance 
with  or  without  further  rlivisinn,  end  on  the  gland-cells,  often  in 
clusters  of  small  terminal  granules  united  by  delicate  threads. 

The  development  of  the  sweat-glands  begins  in  the  fifth  month 
of  fetal  life.  At  first  solid  cords  grow  from  the  stratum  germi- 
nativum  of  the  epidermis  into  the  corium.  Later,  in  the  seventh 
month,  these  become  hollow. 

Joseph  has  shown  a  structural  change  in  the  secretory  cells 
of  the  sweat-glands  when  perspiration  was  induced  by  electrical 
stimulation  or  by  drugs. 

With   the  sweat-glands  as  here  described,  and  which  have,  as 


Fig.  321. — Tangential  seclion  through 
coiled  portion  of  sweat-gland  from  huiuftn 
axilla.     Sublimate  fixation  :   X  7oo. 
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has  been  stated,  a  very  wide  distribution,  we  may  also  class  certain  skin 
glands,  grouped  under  the  term  of  "modified  sweat-glands."  which 
show  certain  structural  and  morpholo^^ic  peculiarities  and  are  found 
in  special  regions  of  the  body.  To  these  belong  the  axillarj' 
glands,  the  circumanal  glands,  the  ciliary  glands  or  glands  of 
Moll  of  the  eyelid,  and  the  ceruminous  glands  of  the  external 
auditory  canai.  The  axillarj'  glands  resemble  the  sweat-glands  in 
shape  and  structure,  possessing,  however,  larger  and  longer  tubules. 
The  coiled  portions  of  these  glands  measure  1. 5  to  2  mm.,  the 
tubule  of  the  coil  attaining  a  lengtli  of  30  mm.  In  the  circumanal 
region  are  found  several  t>'pes  of  sweat-glands,  especially  in  an 
area  having  the  form  of  an  elliptical  ring  with  a  width  of  about  1.5 
cm.  and  situated  about  1.5  cm.  from  the  anus.     In  this  region  there 


Fig.   322. — Model  of  a  sebaceous  glond  with  n  portion  of  the  hair  follicle,  reconslnicted 
by  Born's  waX'plalc  method.     A,  Hair  follicle. 


are  found  large  sweat-glands,  known  as  the  circumanal  glands  of 
Gay;  branched  sweat-glands  of  the  type  <>r  tubulo-alveolar  glands; 
sweat-glands  with  relatively  straight  ducts,  ending  in  a  relatively 
large  saccule  or  vesicle,  from  which  arise  secondary  tubules  or 
alveoli ;  and,  finally,  sweat-glands  of  the  type  as  found  in  other 
regions  of  the  bod\'.  The  ciliary  glands  or  glands  of  Moll  may 
also  be  classed  as  branched  glands  of  the  type  of  tubulo-alveolar 
glands,  with  relatively  large  vesicles.  The  ceruminous  glands  are 
branched  tubulo-alveolar  glands. 

2.  The  Sebaceous  Glands. — The  distribtition  of  the  sebaceous 
glands  in  the  skin  is  closely  connected  with  that  of  the  hair  follicles 
into  which  they  pour  their  contents.     Exceptions  to  this  rule  occur 
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in  only  a  few  regions  of  the  body,  as,  for  instance,  in  the  glans  penis 
and  foreskin  (Tyson's  glands),  in  the  labia  minora,  angle  of  tlie 
mouth,  glanduhc  tarsales.  and  the  Meibomian  glands  of  the  eyelids, 
etc.  As  a  rule  the  sebaceous  gland  empties  by  a  wide  excretory 
duct  into  the  upper  tliird  nf  the  hair  follicle.  The  walls  of  the  duct 
also  produce  secretion,  and  can  therefore  hardly  be  differentiated 
from  the  rest  of  the  gland.  At  its  base  the  duct  widens  and  is  pro- 
vided with  a  number  of  simple  or  branched  alveoli.  The  sebaceous 
gkmds  are  therefore  of  tiie  t\  pe  of  simple  branched  alveolar  glands, 
varying  in  length  from  0.2  mm.  to  0.5  mm.  They  are  surmuiuled 
by  connective-tissue  sheaths,  which  at  the  same  time  cover  the  hair 
follicles.  Inside  of  the  sheath  is  the  membrana  propria,  which  is  a 
continuation  of  the  glassy  membrane  of  the  follicle.  The  two  or 
thrt-e  basal  strata  of  glandular  cells  must  be  regarded  as  a  direct 
continuation  of  the  elements  of  the  external   root-sheath.      In  the 


Fig.   323. — Section  of  alvenli  from  sebaceou.s  gland  of  human  scalp. 

more  centrally  placed  strata  the  cells  are  distinctly  changed  in  char- 
acter ;  their  contents  consist  of  fat  globules,  varying  in  size  and 
distributed  throughout  the  protoplasm,  giving  this  a  reticular 
appearance,  while  the  nuclei  suffer  compression  from  the  accumu- 
lation of  the  fat  globules  and  gradually  bec<mie  smaller  and  more 
angular.  Finally,  the  cells  change  directly  into  secretion,  which  is 
then  poured  into  the  hair  follicle  as  sebum.  It  is  thus  seen  that  in 
the  secretion  of  sebum  the  cells  arc  consumed  and  must  be  re- 
placed. This  renewal  takes  place  by  the  constant  proliferation 
of  the  basilar  cells,  which  push  the  remains  of  the  secreting  cells 
upward  and  finally  tike  their  places.  The  final  disintegration  of  the 
ceils  occurs  either  within  the  gland  itself  or  between  the  hair  foHicIe 
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and  the  hair.     The  secretion  contains  fatty  globules  of  varying  size, 
which  occur  either  free  or  attached  to  cellular  tletritus. 

3.  The  Mammary  Glands. — The  manimar>'  glands  are  also 
included  among  the  cutaneous  glandular  structures.  They  arc 
developed  early,  but  not  until  the  fifth  month  is  it  possible  to  dis- 
tinguish a  solid  central  portion,  with  radially  arranged  tubules 
terminating  in  dilatations.  The  structures  are  all  derived  from  the 
basal  layers  of  the  epidermis.      From  birth  to  the  age  of  pubery 


I^ig-   3M-  —  Model  of  a  itnall  [xirtion  of  a  secreting  mammary  gland  ; 
(Maziarski,  Anatomiuhe  Jle/te,  vol.  XVIU.  j 


the  organs  are  in  a  state  of  constant  growth,  and  are  early  sur- 
rounded by  a  connective-tissue  sheath.  The  alveoli,  which  have 
been  develop<;d  in  the  mean  time,  are  still  solid  and  relatively  small. 
Up  to  the  twelfth  year  the  glands  remain  identical  in  structure 
in  boys  and  girls.  In  the  female  the  mammary  glands  continue  to 
develop  from  the  age  of  puberty  ;  in  the  male,  on  the  other  hand, 
they  undergo  a  retrograde  metamorphosis,  ending,  finally,  in  tJie 
atrnpliy  of  all  ex'cept  the  excretory  ducts.  The  mamtnary  glands 
do  not  attain  their  full  stage  of  development  in  women  until  the 
last  months  of  pregnancy,  and  are  functionally  active  at  parturition. 
The  human  mammary  gland  when  fully  developed  has  the  fol- 
lowing structure:  It  consists  of  about  twenty  lobes,  separated  from 
each  other  by  connective-tissue  septa.  These  lobes  are  again  | 
divided  into  a  larger  number  of  lobules,  and  these  in  turn  are  com-' 
posed  of  numerous  irregularly  round  or  oval  or  even  tubular  al- 
veoli* The  alveoli  are  prnvided  with  small  excretorj'  passages, 
which  unite  to  form  the  smaller  ducts,  these  in  turn  uniting  to  form 
the  larger  ducts.  Shortly  before  terminating  at  the  surface  of  the 
mammilla,  each  mammary  duct  widens  into  a  vesicle,  the  sinus 
lactifcrits.  The  number  of  excretory  ducts  corresponds  to  that 
of  the  larger  lobes.     The  ducts  arc  lined  by  simple  cubical  epithe- 
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lium,  except  near  tlieir  teriiiination  in  tiic  jiipple,  where  they  are 
lined  by  stratified  pavement  epithelium,  and  surrounded  by  a  fibrous 
tissue  sheath. 

The  epithehum  of  the  alveoh  differs  according  to  the  state  of 
functional  activity.  In  a  state  of  rest  it  consists  of  a  single  layer 
of  glandular  cells  of  nearly  cubical  shape  which  stain  deeply,  the 
internal  surfaces  now  and  then  projecting  slightly  into  the  lumen. 
At  the  beginning  of  secretion  fat  globules  make  their  appearance  in 
the  distal  ends  of  the  cells.     At  the  same  time  a  corresponding 
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Fig.   325. — From   section  of  mflmmary  gland  of  nullipara.      (From    Nagcl's  "Die 
weiblichen  Geschlechtsorgane,"  in   "  Handbuch  der  Anatomie  des  Menschen,"    1896.  ) 


increase  in  .size  occurs  throughout  the  entire  alveolus.  There  are 
as  yet  current  two  quite  contradictory  views  as  to  the  manner  in  which 
the  milk  is  secreted.  According  to  certain  observers,  the  free  ends 
of  the  cells,  which  contain  the  most  fat  globules,  are  constricted  off, 
after  which  the  fat  globules  are  freed  in  the  lumen.  The  .secretory 
portion  of  the  alveolus  is  then  composed  of  low  epithelial  cells,  in 
which  the  process  begins  anew.  The  process  of  milk  secretion 
therefore  consists  in  throwing  off  the  inner  halves  of  the  cells  con- 
taining the  fat  globules,  and  in  regeneration  of  the  cells  from  the 
36 
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nucleated  remains  of  the  glandular  epithelium.  Whether  a  kar^'okin- 
etic  division  of  the  nuclei  occurs  in  this  process  is  not  known,  and 
how  often  the  process  of  re«^'eiieration  may  be  repeated  in  a  single 
cell  is  not  capable  of  demonstration.  It  is  certain,  however,  that 
entire  cells  are  destroyed,  to  be  replaced  later  by  new  elements. 
Other  observers  regard  the  secretion  uf  milk  as  occurring  without  a 
partial  or  total  destruction  of  the  secretory  cells,  but  after  the  manner 
of  the  secretion  of  other  glands.  Tliis  latter  view  seems  more  in 
accord  with  tlie  more  recent  observations.  The  membrana  propria 
of  the  alveoli  appears  homogeneous.  Between  it  and  the  glandular 
cells  are  so-called  basket  cells,  similar  to  those  in  tlie  salivary 
glands.  Benda  regards  the  basket  cells  as  nonstriated  muscle 
elements  haiing  a  longitudinal  direction,  making  the  structure  of 
the  alveoii  of  the  mammary  gland  sin)ilar  in  this  respect  to  that  of 
the  secreting  portion  of  the  sweat-glands. 

The  skin  of  the  mammilla  is  pigmented,  and  the  papillae  of  its 
corium  are  very  narrow  and  long.  In  the  corium  arc  also  found 
large  numbers  of  smooth  muscle-fibers,  which  form  circular  bun- 
dles around  the  excretoiy  ducts.  In  the  areoht  of  the  mammae 
are  the  so-called  glands  of  Montgcmtcry.  which  verj'  probably  repre- 
sent accessor^'  mammary  glands.  These  are  especially  noticeable 
during  lactation.  The  blood-vessels  of  the  mammaiy  gland,  the 
larger  branches  of  which  are  situated  mainly  in  the  subcutaneous 
ti.ssue,  form  rich  capillary  networks  about  the  alveoli. 

The  mammary  glands  possess  many  lymphatics.  These  arc 
especially  numerous  in  the  connccti\'e-tissue  stroma  between  the 
lobules.  The  lymph -vessels  collect  to  form  two  or  three  larger 
vessels,  which  empty  into  the  axillaiy  glands.  The  mammary 
gland  receives  its  ner\'e  supply  from  the  sympathetic  and  cerebro- 
spinal nervous  systems  through  the  fourth,  fifth,  and  sixth  inter- 
costal nerves.  The  terminations  of  the  nerves  in  the  mammary 
gland  have  been  studied  by  means  of  the  methylene-blue  method 
by  Dmitrewsky.  working  in  the  Arnstein  laborator}*,  who  finds  that 
the  terminal  branches  form  epilamellar  plexu.«?es  outside  of  tlie 
basement  membrane  of  the  alveoii,  from  which  fine  nerve  branches 
pass  through  the  basement  membrane  and  end  on  the  gland  cells 
in  clusters  of  terminal  granules  united  by  fine  filaments.  The 
nipple  has  a  rich  sensor>'  nerve  supply.  In  the  connective-tissue 
papillae  are  found  tactile  corpuscles  of  Meissner. 

The  milk  consists  of  fat  globules  of  vanning  size,  which,  how- 
ever, do  not  coalesce — an  attribute  due  to  the  presence  of  albu- 
minous haptogenic  membranes  surrounding  the  globules.  Shortly 
before,  and  for  some  days  after,  parturition  the  milk  contains  true 
nucleated  cells  in  which  are  fat  globules  ;  these  are  known  as  the 
colostrum  corpuscUs.  They  probably  represent  Icucocv'tes  which 
have  migrated  into  the  lumen  of  the  gland  and  have  taken  up  the 
fat  globules  of  the  milk.     This  milk  is  known  as  colostrum. 
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287.  Good  general  views  of  the  skin  can  be  obtained  only  from  sections. 
Any  fixation  method  may  be  employed,  although  alcohol  is  preferable  on 
account  of  the  better  subsecjiient  staining.  For  detail  work  Flemming's 
solution,  corrosive  sublimate,  or  osmic  acid  is  the  best.  Sectioning  of  the 
skin  is  attended  with  many  difficulties,  and  large  pieces  can  be  cut  only 
in  celloidin.  Small  and  medium-sized  pieces  may  be  cut  in  paraffin  ;  but 
even  in  this  ca.se  the  skin  must  be  rapidly  imbedded  in  the  paraffin — i.  f., 
it  must  not  remain  too  long  in  either  alcohol  or  toluol — and  the  paraffin 
must  have  only  the  consistency  necessary  to  cut  well  (al>out  50*^  C.  melting- 
point).  In  order  to  obtain  good  paraffin  sections  of  the  skin  the  follow- 
ing procedure  is  reconmicnded  :  Pieces  fixed  in  Flemming's  solution  or 
osmic  acid  are  kejtt  in  96^  alcohol,  then  placed  for  not  more  than  twenty- 
four  hours  in  absolute  alcohol  and  imbedded  in  paraffin  by  means  of  the 
chloroform  method.  In  the  chloroform,  chloroform -paraffin,  and  pure 
paraffin  ihey  remain  for  one  hour  each.  The  jxiraffin  used  should  consist  of 
two  parts  paraffin  of  42''  C. .  and  one  part  i>araffin  of  50°  C.  melting-point. 
The  thermostat  must  be  kept  at  50**  C.  (R.  Barlow).  The  sections 
should  not  be  mounted  by  the  water-albumen  method, 

In  sections  of  epidermis  which  have  been  freshly  fixed  with 
osmic  acid,  the  stratum  corneum  may  be  clearly  differentiated  into  three 
layers  (probably  betause  of  the  defective  penetration  of  the  reagent)— 
into  a  blackened  superficial,  a  middle  transparent,  and  a  still  lower  black 
layer  {vid.  Fig.  326). 

In  tissue  fixed  in  alcohol  or  corrosive  sublimate  the  stratum 
lucidiim  stains  yellow  with  picrocarmin,  Imt  is  very  weakly  colored  by 
basic  anilin  stains.  In  unstained  preparations  the  stratum  hkidum  is 
glass-like  and  transparent.  Eleidin  is  diffusely  scattered  throughout  both 
the  stratum  hicidiim  and  stratum  corneum.  Like  keratohyalin,  it  stains 
with  osmic  acid  and  also  with  picrocarmin,  but  not  with  hematoxylin. 
Nigrosin  stains  eleidin,  but  not  keratohyalin. 

Keratohyalin  is  insoluble  in  l)oiling  water  and  is  not  attacked 
by  weak  organic  acids.  It  dissolves,  however,  in  boiling  acetic  acid,  but 
is  not  changed  by  the  action  of  pejjsin  or  try[>sin.  The  keratohyalin 
granules  of  the  stratum  granulosum  swell  in  from  \^/(  to  5^;  potassium - 
hydrate  solution  ;  under  the  influence  of  heat  these  granules  together  with 
the  cells  containing  them  are  finally  dissolved.  They  are  not  attacked 
by  ammonia,  and  remain  unaffected  for  a  long  time  in  strong  acetic  acid. 
As  ammonia  and  acetic  acid  render  the  remaining  portions  of  the  tissue 
transparent,  these  reagents  may  be  employed  for  the  rapid  identification 
of  keratohyalin.  The  larger  llakes  of  keratohyalin  swell  in  sodium  car- 
bonate solution  (1%),  but  not  the  smaller  granules,  and  it  would  seem 
that  the  larger  granules  have  less  power  of  resistance  than  the  smaller. 
Keratohyalin  remains  unchanged  in  alcohol,  chloroform,  and  ether,  but 
is  digested  in  tr)'[)sin  and  pepsin  (not,  however,  the  keratin).  Kerato- 
hyalin can  be  stained  with  hematoxylin  and  most  of  the  basic  anilin  dyes. 

The  prickles  of  the  cells  composing  the  stratum  Malpighii  may 
be  seen  in  very  ihin  sections  fnot  over  t,  it  in  thickness)  of  skin  i)revi- 
ously  fjxed  in  osmic  acid.  In  this  case  it  is  best  to  employ  not  Canada 
balsam,  but  glycerin,  which  does  not  have  so  strong  a  clearing  action. 
Isolation  of  the  prickle  cells  is  best  accomplished  as  follows  (Schieffer- 
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decker):  A  fresh  piece  of  epidemiis  is  macerated  for  a  few  hours  in 
filtered,  cold-saturated,  aqueous  solution  of  drj'  pancreatin  ;  the  whole 
may  then  be  preser\ed  for  any  length  of  time  in  equal  parts  of  glycerin, 
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I^ig-  336. — Traoi^v  u  tbroug^h  the  huinAu  skin.     Treated  with  osmic  acid*, 

X  30  :  J.  Pari  of  Uic  luituuu^  Ouct  of  a  sweal-glaiid  in  the  epidermis  ;  ^,  duct  of  SUM 
sweat-gland  in  the  coriuiii. 


water,  and  alcohol.     Small  pieces  taken  from  such  specimens  are  readily 
teased  and  show  both  isolated  and  small  ^^roups  of  attached  prickle  cells. 

The  distribution  of  the  pigment  in  the  skin  is  bt*st  studied  in 
unsiaincd  sections.  With  a  nearly  closed  diaphragm  and  under  medium 
mnKnJfuation  the  iiigment  granules  appear  darker  on  rd.i.sing  the  tube  and 
lighter  upon  lowerini^'  it. 

In  sections  of  skin  treated  with  Flcmming's  fluid,  the  structure 
of  the  I  litis  also  may  be  studied.  The  medullary  sheaths  of  the  nerve* 
fiber*  and  the  fat  appear  black.  In  preparations  stained  with  safranin  the 
clastic  fil)cr»  arc  colored  red  and  are  very  distinct  (Stohr  and  O. 
Si  hult/e ).      I'or  the  orcein  method  according  to  Unna,  see  p.  128. 

Il.iir  may  be  exanjined  in  water  without  further  manipulation. 
I  ho  I  iiiK  Ic  is  then  seen  to  consist  of  polygonal  area-s,  ihe  border-lines  of 
whi<  h  I  otropond  lo  the  limits  of  the  flattened  tells.  13y  slightly  lower- 
ing,- (111-  itb|ri  live  the  (orliiai  substance  comes  into  view  with  its  itidistinct 
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striation  and  occasional  pignientalion.  The  medullary  substanre,  if  pres- 
ent, may  also  be  seen  with  its  vesicles  containing  air.  Both  the  cortical 
and  cuticuSar  cells  may  be  isolated,  the  process  consisting  in  treating  the 
hairs  for  several  days  with  t,^  ^f  potassium  hydrate  solution  at  room  tem- 
perature, or  in  heating  the  whole  for  a  few  minutes.  Concentrated  or 
weak  sulphuric  acid  produces  the  same  result.  Un  warming  a  hair  in  sul- 
phuric acid  until  it  begins  to  curl  and  then  examining  it  in  water,  we  find 
that  the  cortical  and  medullary  layers  as  well  as  the  cuticle  are  separated 
into  their  elements.  rreatment  of  the  skin  with  Muller's  fluid,  alco- 
hol, or  sublimate  is  reconm^cnded  for  the  examination  of  hair  and  hair 
follicles.  The  orientation  of  the  specimen  should  be  very  precise,  in 
order  to  obtain  exact  longitudinal  or  cross-sections  of  the  hair.  There 
is  hardly  a  structure  of  the  body  which  is  more  suitable  for  staining 
with  the  numerous  coal-tar  colors  than  the  hair  and  its  follicle  (Merkel). 

The  corpuscles  of  Meissner  may  lie  best  obtained  from  the  end 
of  the  finger.  After  boiling  a  piece  of  fresh  skin  from  the  finger-tip  for 
about  a  (juarter  of  an  hour,  the  epidermis  may  be  easily  removed  ;  the 
papillse  are  now  seen  on  the  free  surface  of  the  cutis.  A  portion  of  the 
latter  is  cut  away  with  a  razor  and  examined  in  a  j";^  solution  of  acetic 
acid.  The  corpuscles  are  readily  distinguished.  I'heir  relations  to  the 
nerves  should  be  studied  in  specimens  fixed  with  osmic  acid  or  gold 
chlorid.  The  terminations  of  the  nerves  in  these  end -organs  are  best  seen 
in  preparations  stained  after  the  infra  t-i/aw  methylene-blue  method. 

The  corpuscles  of  Herbst  and  (Jrandry  are  found  in  the  waxy 
skin  covering  the  bill,  and  in  the  palate  of  the  duck  (especially  numerous 
in  the  tongue  of  the  woodpecker).  For  the  study  of  the  nervous  ele- 
ments the  following  method  is  useful  :  Pieces  of  the  waxy  skin  are 
removed  with  a  razor  and  placed  for  twenty  minutes  in  50^  formic  acid. 
After  washing  the  specimens  for  a  short  time  in  distilled  water  they  are 
transferred  to  a  small  quantity  of  i '/r  gold  chlorid  solution  (twenty  min- 
utes), then  again  rinsed  in  distilled  water,  and  placed  for  from  twenty- 
four  to  thirty-six  hours  in  the  dark  in  a  large  (juanlity  (  Jj  liter)  of 
Pichard's  solution  ( amyl  alcohol  i  part,  fomiic  acid  i  part,  water  too 
parts).  After  again  washing  in  water  the  specimens  are  transferred  to 
alcohols  of  gradually  increasing  strengths  and  finally  imbedded  in  celloidin 
or  celloidin -paraffin. 

297.  The  Pacinian  corpuscles  occur  in  the  mesentery  of  the  cat  and 
may  be  examined  in  physiologic  saline  solution. 

The  nerves  of  the  epidermis  are  demonstrated  by  the  gold- 
chlorid  method  (see  p.  48),  But  even  here  the  chrome-silver  method  and 
the  ifi/'ra  vihim  methylene-blue  method  yield  extremely  good  results,  and 
may  be  used  with  great  advantage  in  the  study  of  the  nerves  in  the  cutis. 

The  so-called  tactile  menisci  are  very  numerous  in  the  snout  of 
the  pig  and  the  mole.  Bonnet  recommends  for  these  structures  fixation  in 
o-.13%  chromic  acid  solution,  overstaining  with  hematoxylin,  and  differ- 
entiation in  an  alcoholic  solution  of  potassium  ferric  yan id. 
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-..  V  £5 VOL'S  SYSTEM. 

—     r  :he  central  ncnous  system 

•vj  i.Ta:-.gement  of  the  ncr\-e-cell.s 

-_■  .'j.  ar.d  to  the  mutual  relations 

.>  «•  <::;m  bear  to  one  another.     In 

.    .-    v;  shall  be  unable  to  enter  into 

. .  >  :•-  ietail.  but  must  content  our- 

^-.-.s-  ::  ot   the  structure  of  certain 

..  ^ :—.  and  an  account  of  a  few  typical 

_.  -.[jirionship  of  the  nene-elements 

,-:;'.•■-;;.  ^ive  a  general  description  of 

■  -.-z,  jerebellum,  cerebrum,  olfactorj- 

jesjription   we  have   drawn    freely 

::-t>  o:'  Golgi  (94).  Ramon  y  Cajal 

K:!!:ker  (93),  and  van   Gehuchtcn 


^  "SE  SPINAL  CORD. 

>   ■■.':::  the  upper  border  of  the  atlas  to 

•„  --:?:  lumbar  vertebra.     It  has  the  form 

,  !  .1:  ::s  lower  end  becomes  quite  abruptly 

.    •..  :\.','.in's,  and  temiinates  in  an  attenu- 

.  i.:.'i.     It  presents  two  fusiform  en  large - 

•^.L  jl::..:  lumbar  enlargements  respectively. 

'    ...-.vied  into  two  symmetric  halves  by  an 

.  ^.-  >v  A  septum  of  connective  tissue,  extend- 

^     ...  ;>v:  cord  from  the  pia  mater  (one  of  the 

'  ..v^  s.irrv.'iunding  the  cord),  and  known  as  the 

■  .{      Structurally  considered,  the  spinal  cord 

., .'-.     •.v.Ai:i'.y  medullated  nerve-fibers)  and  gray 

.-^v  >  -i'.'.d  medullateil  ner\e-fibers).    The  white 

*.v'S."i:  essentially  the  same  general  features  at 

.   ^     ..    ,  •  o.  although  the  relative  proportion  of  the 

^^  x^n-ewhat  at  different  le\eis.     The  different 

•ivs^^Mt  also  certain  structural  peculiarities. 

v.  .-.■   /:  :he  gray  and  the  white  sub.stances  of  the 

>..^  n;.v-*  •.:^  transverse  .sections. 

-^  ^\:  .V  or"  the  spinal  cord  in  the  several  regions  and 

.  i'.'s  o:'  the  gray  to  the  white  substance  are  shown 

..   •.■.■»  or"  vToss -sections   of  the  atlult  human   spinal 

X.  ">:  i:'v.v  is  arranged  in  the  fi>rm  of  two  crescents, 

.'.  :':'o  cord,  united  by  a  median  portion  extending 

'.  '.  V  oorvi  to  the  other,  the  wlu»K'  presenting  somc- 

,s  .;  t  H       1'1»»-'  horizontal  part  contains  the  commis- 
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ztat  spcnal  cord,  while  the  vertical 

:lle  fcntral  and  df^rsal  nerve-roots, 

boms.     The  furnier  arc.  as  a 

(laterally)  the  so-called  lateral 

B>tfl|^aft  sac  in  dilTcrcnt  regions.     In  each 

^iBi^totipft  of  ganglion  cells  :  the  ventro- 

■ii  >ir  oAjitor  nen'c-cclls  ;  the  ventromesial, 

utsi  a!&;  and  the  lateral  (in  tiie  lateral 

,-is.     At  the  median  side  of  the  base 

•«»  mc  mtd  a  gTXJup  of  cells  and  fibers  known 

^Mil^  •»*  dearly  defined  in  the  dorsal  region, 

cm  ifexlf  is  the  gelatinous  substance  of 

"Wrar,  numerous  cells  and  fibers  are  scat- 

^rjy  substance. 

^  >^  "'i.  ventrolateral  portion  of  the  ante- 

r^^   ^lorMb  1'^^  ifito  the  anterior  ner\e-root. 

I  lateral,  dorsal,  and  mesial  direc- 
,  tag  in  the  anterior  and  lateral  col- 
i  of  the  anterior  commissure.  Some 
d  beyond  the  median  line  and  form  a 
.t^rresponding  processes  of  the  other 
-  liu  principally  in  the  mesial  group  of 

. .  .lere  and  there  in  other  portions  of  the 

v-ir  ncuraxcs  form  the  anterior  gray  commis- 

•iroccsscs  from  the  other  side.     After 

of  the   other  sitle,  these  neu raxes 

-K>n,  one  branch   piissing  upward  and  the 

..V         -  .^  .*-i.        ».^  v\4un)n  cells  are  small  multipolar  elements. 

-  ^.>^.*^54  ^  ^  vvlls  of  the  lateral  horns,  although  they  are 

<<4  ^lllMMf^'  ^^'^  f^^^y  niass.     Their  neuraxes  pass 

li«w»  ^  Wtv  •  lal.  and  posterior  iiorns. 

\4umn  of  Clark,  or  nucleus  dorsalis,  are  of  two 

'"  'he  neuraxes  pass  to  the  anterior  commis- 

vMil  tiiose  in  which  the  neuraxes  pass  into 

I  <\{  the  same  side.     The   plurifunicular 

t  .XL'S  of  which  divitle  two  or  three  times  in 

^v.  the  bnncljcs  then  passing  to  different  columns 

.     '  vH%T  t»n  ihc  same  or  opposite  side  of  the  cord.     In 

K    V '.V     X  tv,>  :hi»  branches  must  necessarily  extend  through  the 

.  -:   ,    vx    ^        |"Hc  cells  of  the  suhstatitia  gdatinosa  (Rolando)  are 

.   .  .  •  .Xm«   fttvly  branching  neuraxes,  which  end  after  a  short 

»v  nvass  (Golgi's  cells).     The  posterior  horn  con- 

.:v.t>    ■   1  V  '^    •    "         indle-shaped  cells,  and  stellate  cells.     The 

'n>i    ix    v-v*rv-.  .  i.illy  near  the  extremity  of  the  posterior 

S,-.*..,  ^  i\c>  cxtcndmg  for  some  distance  through  the  gela- 

-  .  .   ^  >  ^t   Kolan<lo  and  then  into  the  lateral  column.    The 

irv  the  smallest  in  the  spinal  cord  and  possess  a 

4V..'  •  ndritcs  extending  to  the  nerve-root  of  the  pos- 
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terior  horn.  Their  neuriixes,  which  originate  either  from  the  cell- 
body  or  from  a  dendrite,  pass  over  into  the  posterior  column.  The 
stellate  cells  are  supplied  with  dendrites,  which  either  branch  in 
the  substance  of  Rolando  or  extend  into  the  column  of  Burdach. 

The  gray  matter  contains,  further,  numerous  mcdiillated  nerve- 
fibers,  in  part  the  neuraxes  of  the  nerve-cells  previously  mentioned, 
and  in  part  collateral  and  terminal  branches  of  the  nerve -fibers  of 
the  white  matter  with  their  telodendria ;  also  sujvportinj^  cells, 
known  as  ncurogliar  ceils  (to  be  discussed  later),  and  blood-vessels. 

The  white  matter  of  the  spinal  cord  consists  of  medullated  fibei-s, 
which  are  devoid  of  a  neurilemma,  of  neurogliar  tissue,  and  of  fibrous 
connective  tissue. 

In  each  half  of  the  cord  the  white  substance,  which  surrounds 
the  gray,  is  separated  by  the  gray  matter  and  its  nerve-roots  into 
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Fig.  32S. — Schematic  (iiagram  of  the  spinal  cord  in  cross-section  after  v»»ri  Lt.iih<»s- 
s^k,  showing;  in  the  left  half  the  cells  of  the  gray  matter,  in  the  right  half  the  collateral 
brarKlics  cnUing  in  llie  gray  mailer. 


three  main  divisions  or  columns:  The  first  division,  lying  between 
the  anterior  median  fissure  and  the  anterior  horn,  is  the  anterior 
column  ;  the  second,  iying  between  the  anterior  and  posterior 
horns,  is  the  lateral  column  (since  the  anterior  and  lateral 
columns  belong  genetically  to  each  other,  the  term  anterolat- 
eral column  is  often  used)  ;  and  the  third,  lying  between  the  poste- 
rior nerve-root  and  the  posterior  median  septum,  is  the  posterior 
column. 

By  means  of  certain  methods  it  has  been  possible  to  separate 
the  white  substance  into  still  smaller  divisions,  the  most  important 
of  which  may  here  be  described. 

In  each  anterior  column  is  found  a  narrow  median  zone  extend- 
ing along  the  entire  length  of  the  anterior  median  fissure  and  con- 
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tainiiig  ner\'e-fiJ>ers  which  come  from  the  pj-ramids  of  the  medulla. 
The  majority  of  the  pyramidal  fibers  cross  from  one  side  of  the  cord 
to  the  other  in  tlie  lower  portion  of  the  medulla,  at  the  crossing  of 
the  pyramids,  and  form  a  large  bundle  of  nerve-fibers  found  in  each 
lateral  column,  which  will  receive  attention  later.  Some  of  the 
pyramidal  fibers  descend  into  the  cord  on  the  same  side,  to  cross  to 
the  opposite  side  at  different  levels  in  the  cord.  These  latter  fibers 
constitute  the  narrow  median  zone,  on  each  side  of  the  anterior 
median  fissure  previnusl}'  mentioned,  forminj^  the  anterior  or  direct 
pyramidal  tract,  or  the  column  of  Tiirck.  Between  the  direct 
pyramidal  tract  and  the  anterior  horn  lies  the  anterior  g^round 
buodle. 

in  the  lateral  columns  are  found  a  number  of  secondary  col- 
umns, which  may  now  be  mentioned.  In  fmnt  of  and  by  the  side 
of  the  posterior  horn  in  each  lateral  column  lies  a  large  group  of 
nerve-fibers,  forming  a  bundle  which  varies  somewhat  in  size  and 
shape  in  the  several  regions  of  the  spinal  cord,  but  which  has  in 
general  an  irregularly  oval  outline.  These  nerve-fibers  arc  the 
pyramidal  fibers,  previously  mentioned,  which  in  the  lower  part  of 
the  medulla  cross  from  one  side  to  the  other,  and  for  this  reason 
are  known  as  the  crossed  pj'ramidal  fibers,  forming  the  crossed 
pyramidal  columns.  External  to  these  columns  and  to  the  poste- 
rior horns,  and  extending  from  the  po.sterior  horns  half-way  amund 
the  peripher)'^  of  the  lateral  columns,  lie  the  direct  cerebellar  col- 
umns, con.sisting  of  the  neuraxes  of  the  cells  of  the  columns  of 
Clark,  which  have  an  ascending  course.  Lying  just  external  to  and 
between  the  anterior  and  posterior  horns  is  a  somewhat  irregular 
zone,  the  mixed  lateral  column,  containing  several  short  bundles 
of  fibers,  the  anterior  of  which  are  probably  motor ;  the  posterior, 
sensory.  In  the  ventrolateral  portions  of  the  lateral  columns, 
between  the  mixed  lateral  and  the  direct  cerebellar  columns  and 
extending  as  far  backward  as  the  crossed  pyramidal  columns,  lie 
two  not  well-defined  columns,  known  as  the  ascending  anterolat- 
eral or  Gowers's  columns  and  the  descending  anterolateral  col- 
umns; the  former  are  nearer  the  outer  portion  of  the  cord. 

In  the  posterior  column  we  distinguish  a  median  and  a  lateral 
column.  The  former  lies  along  the  posterior  median  septum,  and 
ma)'  even  be  distinguished  externally  by  an  indentation  ;  its  upper 
portion  tapers  into  the  fasciculus  gracilis.  This  is  the  column  of 
Go  11,  and  it  contains  ascending  or  centripetal  fibers.  The  lateral 
tract  lies  between  the  column  of  Goll  and  the  posterior  horn,  and 
is  known  as  the  column  of  Burdach,  posterior  ground-buntlte,  or 
posterolateral  column.  It  contains  principally  the  shorter  tracts,  or 
bundles  of  longitudinal  fibers  connecting  the  adjacent  parts  of  the 
spinal  cord  with  one  another. 

Many  of  the  nerve-fibers  of  the  posterior  column  arc  the  neu- 
raxes of  spinal  ganglion  cells  which  enter  the  spinal  cord  through 
the  posterior  roots.     The  cell-bodies  of  the  spinal  ganglion  or  sen- 
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In  the  gray  commissure,  nearer  its  anterior  border,  is  situated 
the  central  canal  of  the  spinal  cord,  continuous  above  with  the 
ventricular  cavity  of  the  medulla  and  terminating  caudally  in  the 
filuni  terniinale.  This  canal  is  not  patent  in  the  majority  of  adults, 
being  occlLided  from  place  to  place.  The  canal  is  lined  by  a  layer 
of  columnar  cells,  developed  from  colymnar  cells,  known  as  spon^jio- 
blasts,  lining  the  relatively  larger  canal  of  the  embryonic  spinai 
cord.  In  young  individuals  these  cells  are  ciliated  and  their  basal 
portion.*!  terminate  in  long,  slender  processes  in  which  are  embedded 
neuroglia  fibers. 

B.  THE  CEREBELLAR  CORTEX, 

In  the  cerebellar  cortex  we  distinguish  three  general  layers — 
the  outer  molecular,  the  middle  granular  (rust-colored  layer),  and 
the  inner  medullary  tract. 


::ir 
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Blood-vessel,   y        . 
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Fig.  330' — .Section  through  the  human  ccrefK-Uar  cortex  vertical  lo  the  surface  of  tlie  con- 
vohuiuji.     Trealnienl  with  Milller's  fluid  ;     •     11 5. 


The   molecular  layer   contains    three  varieties   of  nerve-cells, 
those  of  Purkinje,  which  border  upon  the  granular  layer,  the  stel- 
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late  cells,  and  the  small  cortical  cells.  The  cells  of  Purkinje  pos- 
sess a  large  flask-shaped  body  (about  60  /i  in  diameter),  from  which 
one  or  more  well -developed  dendrites  pass  toward  the  periphery. 
The  latter  branch  freely  and  the  main  arborization  has  in  each  case 
the  general  shape  of  a  pair  of  deer's  antlers.  These  dendrites 
extend  nearly  to  the  peripher\'  of  the  cerebellar  cortex.  In  a 
section  horizontal  to  the  surface  of  the  organ  the  dendrites  of  the 
Purkinje's  cells  are  seen  to  lie  in  a  plane  very  nearly  vertical  to  the 
surface  of  the  convolutions,  so  that  a  longitudinal  section  through 
the  latter  would  show  a  profile  view  of  the  cells.  In  other  words, 
they  have  an  appearance  much  like  that  of  a  vine  trained  upon  a 
trellis.     The  neuraxes  of  the  cells  of  Purkinje  arise  from  their  basal 


Dendrite. 
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Ncuraxis. 


_.--—  NeuraxU. 


Fig.  332-— Cell  of  Purkinje  from  the  human  cerebel- 
lar cortex.      Chrome- silver  method  ;  X  *20. 


—  Claw-like    lelo- 
dcntJrion  of 
dendrite. 


F'B'  ^33- — (iranular  cell 
from  the  jjmnular  layer  of  the  hu- 
cnaii  cerebellar  cortex.  Chrome- 
silver  mrlhod ;  X  Ioo« 


(inner)  ends  and  extend  through  the  granular  layer  into  the  medul- 
lary substance.  Durin^^  their  course  they  give  off  a  few  collaterals, 
which  pass  backward  tn  the  molecular  layer  and  end  in  telodendria 
near  the  bodies  of  the  cells  of  Purkinje.  The  stellate  ccUs  lie  in 
various  planes  of  the  molecidar  layer.  Their  peculiar  interest  lies 
in  the  character  of  their  neuraxes.  The  latter  are  situated  in  the 
same  plane  as  the  dendrites  of  the  cells  of  Purkinje,  run  parallel  to 
the  surface  of  the  cunvolution,  and  possess  two  types  of  collaterals. 
Those  of  the  first  are  short  and  branched  ;  those  of  the  second 
branch  at  a  level  with  the  cells  of  Purkinje,  and  form,  together 
with  their  telodendria,  hasket-Uke  nets  around  the  bodies  of  these 
cells.     The  small  cortical  cells  of  the  molecular  layer  are  found 
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in  all  parts  of  this  layer,  but  arc  more  numerous  in  its  peripheral 
portion.  They  are  multipolar  cells  with  ncuraxcs  which  are  not 
readily  stained  and  concerning  the  fate  of  which  little  is  known. 

The  granular  layer  contains  two  varieties  of  ganglion  ele- 
ments, the  so-called  granular  cells  (small  gan^J^on  cells)  .ind  the 
lart^e  stellate  cells.  The  dendrites  of  the  sfranular  cells  are  short, 
few  in  number  (from  tliree  to  six),  branch  but  slightly,  and  end  in 
short,  cla*v-like  telodendria.  Their  ncuraxcs  ascend  vertically  to 
the  surface  and  reach  the  molecular  layer.  At  various  points  some 
of  them  are  seen  to  undergo  a  T->ihaped  division,  the  two  branches 
then  nmning  parallel  to  the  surface  of  the  cerebellum  in  a  plane 
vertical  to  that  of  the  dendrites  of  the  cells  of  Purkinje.  Large 
numbers  of  these  T-sha[>ed  neuraxes  produce  the  striation  of  the 
molecular  layer  of  the  cerel>ellum.  It  is  ver\'  probable  that  during 
their  course  these  parallel  fibers  come  in  contact  with  the  dendrites 
of  the  cells  of  Purkinje.  The  large  stellate  cells  are  fewer  in 
number  and  lie  close  to  the  molecular  layer,  some  of  them  even 
within  this  layer.  Their  dendrites  branch  in  all  directions,  but 
extend  principally  into  the  molecular  layer.  Their  short  neuraxes 
give  off  numerous  collaterals  which  end  in  telodendria  among  the 
granular  cells. 

The  medullary  substance  is  composed  of  the  centrifugal  neu- 
raxes of  the  cells  of  Purkinje  and  of  two  types  of  centripetal  neu- 
raxes, the  mossy  and  the  climbing  fibers.  The  position  of  their 
corresponding  ner\'e-cclls  is  not  definitely  known.  The  mossy 
fibers  branch  in  the  graniikir  layer  into  numerous  twigs,  and  are 
not  uniform  in  diameter,  but  are  provided  at  different  points  with 
t\'pical  nodular  swellings.  These  fibers  do  not  extend  beyond  the 
granular  layer.  The  climbing^  fibers  pass  horizontally  through  the 
granular  layer,  giving  off  in  their  course  numbers  of  collaterals, 
which  extend  to  the  cells  of  Purkinje,  up  the  dendrites  of  which 
they  seem  to  climb. 

In  the  medullary  portion  of  the  cerebellum  are  found  a  number 
of  groups  of  ganglion  cells  known  as  central  gray  nuclei.  The 
ner\'e-cells  of  these  nuclei  are  multipolar,  with  numerous,  oft- 
branching  dendrites  and  a  single  neuraxis. 


C  THE  CEREBRAL  CORTEX. 

The  cell-bodies  of  the  neurones  of  the  cerebrum  are  grouped  in 
a  thin  layer  of  gray  matter,  varying  in  thickness  from  2  to  4  mm., 
— which,  as  a  continuous  sheet,  completely  covers  the  white  matter 
of  the  hemisj)heres, — and  in  larger  ami  smaller  mas.scs  of  gray  mat- 
ter, known  as  basal  nuclei.  In  our  account  of  the  histologic  struc- 
ture of  the  cerebral  hemispheres  we  shall  confine  ourselves  in  the 
main  to  a  consideration  of  the  cerebral  cortex,  the  tliin  layer  of 
gray  matter  investing  the  white  matter. 
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From  withoyt  inward  the  foHowing  layers  may  be  differentiated 
in  the  cerebral  cortex  :  (i)  a  molecular  layer  ;  (2)  a  layer  of  small 
pyramidal  cells  ;  {3)  a  layer  of  large  pyramidal  cells;  (4)  a  layer 
of  polymorphous  cells  ;  and  (5)  medullary  substance  or  underiWng 
nerve-fibers. 

Aside  from  iieurogliar  tissue,  we  find  in  the  molecular  layer  a 
large  number  of  ncne-fibers,  which  cross  one  another  in  all  direc- 
tions, but,  as  a  whole,  have  a  direction  parallel  with  the  surface  of 
the  brain.  Within  this  layer  there  are  found:  ( i)  the  tuft-hke  telo- 
dendria  of  the  chief  dendritic  processes  of  the  pyramidal  cells  ;  (2) 
the  terminations  of  the  ascending  neuraxes.  arising  mostly  from  tile 
polymorphous  cells  ;  and  (3)  autochthonous  fibers — /.  t\,  those  which 
arise  from  the  cells  of  the  molecular  layer  and  terminate  in  this 
layer.  The  cells  of  the  molecular  layer  may  be  classed  in  three 
general  types — polygonal  cells,  spindle-shaped  cells,  and  triangular 
or  stellate  cells.  The  polygonal  cells  have  from  four  to  six  den- 
drites, which  branch  out  into  the  nK>lecular  layer  and  may  even 
penetrate  into  the  underlying  layer  of  small  pyramidal  cells.  Their 
'  neuraxes  originate  either  from  the  bodies  of  the  cells  or  froni  one 
of  their  dendrites,  and  take  a  horizontal  or  an  oblique  direction, 
giving  off  in  tlicir  course  a  large  number  of  branching  collaterals, 
which  terminate  in  knob-like  thickenings.  The  spindle-shaped 
cells  give  off  from  their  long  pointed  ends  dendrites  which  extend 
for  some  distance  parallel  with  the  surface  of  the  brain.  These 
branch,  their  offshoots  leaving  them  at  nearly  right  angles,  the 
majority  passing  upward,  assuming  as  they  go  tlie  characteristics 
of  neuraxes  having  collaterals.  The  arborization  is  entirely  within 
tlic  molecular  layer.  The  triangular  or  stellate  cells  are  similar 
to  those  just  described,  but  possess  nut  two,  but  three,  dendrites. 
The  triangular  and  spindle-shaped  cells,  with  their  numerous  den- 
dritic processes  resembling  neuraxes,  are  characteristic  of  the  cere- 
bral cortex. 

The  elements  which  are  peculiar  to  the  second  and  third  layers 
of  the  cerebral  cortex  are  the  small  (about  10  fi  in  diameter)  and 
large  p3rramidal  cells  (from  20  fi  to  30/iin  diameter).  They  are 
composed  of  a  triangular  body,  the  base  of  the  triangle  being  down- 
ward and  parallel  to  the  surface  of  the  brain,  of  a  chief,  principal,  or 
primordial  dendrite  ascending  toward  the  brain-surface,  of  several 
basilar  dendrites  arising  from  the  basal  surface  of  the  cell-body,  and 
of  a  neuraxis  which  passes  toward  the  mcdLillarj^  substance  and 
which  has  its  origin  either  from  the  base  of  the  cell  or  from  one  of 
the  basilar  dendrites.  The  ascending  or  chief  dendrite  gives  off  a 
number  of  lateral  offshoots  which  brancli  freely  and  end  in  terminal 
filaments.  The  main  stem  of  the  dendrite  extends  upward  to  the 
molecular  layer,  in  which  its  final  branches  spread  out  in  the  form 
of  a  tuft.  The  neuraxis,  during  its  course  to  the  white  substance, 
gives  off  in  the  gray  substance  from  six  to  twelve  collaterals,  which 
divide  two  or  three  times  before  terminating, 
a; 
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cells,  but  may  be  met  with  here  and  there  in  the  layers  of  the  small 
and  large  pyramidal  cells.  The  dendrites  of  the  cells  of  Qolgfi  are 
projected  in  all  directions,  those  in  the  neighborhood  of  the  medul- 
lary substance  even  penetrating  into  this  layer.  The  neuraxcs 
break  up  into  numerous  collaterals,  the  telodendria  of  which  lie  ad- 
jacent to  the  neighboring  ganglion  cells.  The  cells  of  Martlnotti» 
which,  as  we  have  seen,  occur  also  in  the  second  and  third  layers, 
are  either  triangular  or  spindle-shaped.  The  neuraxis  of  each  cell 
originates  cither  from  the  eel  I -body  or  from  one  of  its  dendrites,  and 


Brush-liVe  telodetidrion. 


Main  dendrite.   -  ■ 


Sctcii«lar>'  (Ifiidrilc. . 


Fasal  tiendrile.    - 


Neuraxis  with  collateralg. 


fig.    33S — l-a[{je   pyramidal    cell    from    the    human   cerebral    cortex.      Chrome-silver 

iiieihtxl  ;  >^   150. 


ascends  (giving  off  collaterals)  to  the  molecular  layer,  in  which  it 
finally  divides  into  two  or  three  main  branches  ending  in  telo- 
dendria. Occiisionally  it  divides  in  a  similar  manner  in  the  layer 
of  small  pyramidal  cells. 

In  the  medullary  substance  the  following  four  classes  of  fibers 
are  recognized:  [i)  The  projection  fibers  (centrifugal) — t'.  r.,  those 
which  indirectly  connect  the  elements  of  the  cerebral  cortex  with  the 
periphery  of  the  body  ;  their  course  may  or  may  not  be  interrupted 
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dLirin<;  their  passage  through  the  basal  nuclei  ;  (2)  the  commissural 

fibers,  which,  according  to 
"^:''\  the  original  definition,  pass 

through  the  corpus  callo- 
sum  and  anterior  commis- 
sure, thus  joining  corre- 
sponding [)arts  of  the  two 
hemispheres  ;  (3)  the  asso- 
ciation fibers,  which  con- 
nect different  parts  of  the 
gray  substance  of  the  same 
hemispheres ;  and  (4)  the 
centripetal  or  terminal 
fibers  —  i.e.,  the  terminal 
arborizations  of  those  ncu- 
raxes,  the  cells  of  which 
lie  in  some  other  region  of 
the  same  or  opposite  hemi- 
sphere, or  even  in  some 
more  distant  portion  of  the 
nervous  system.  The  pro- 
jection fibers  originate  from 
the  pyramidal  cells,  some 
of  them  perliaps  from  the 
polymorphous  cells.  The 
commissural  fibers  are  also 
derived  from  the  pyramidal 
cells,  and  lie  somewhat 
deeper  in  the  white  sub- 
stance than  the  association 
fibers.  With  the  exception 
of  those  which  join  the 
anterior  commissure,  all  the 
the    corpus  callosum.     They 
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cortex:  «*,  Molecular  layer  with  supt-rtkial  {Ian- 
gentia!)  tihers  ;  ^,  slriaiion  of  BechterefT-Kaei  ;  r, 
layer  of  small  pyramidal  cells;  J,  stripe  of  Hail- 
larger;  t,  radial  bundles  of  the  medullary  sub- 
stance ;  /,  layer  of  polymorphotis  cells. 


cunei   and   those  which    lie    in    the 
commissural   fibers    are    situated    in 

give  off  during  their  passage  through  the  hemispheres  large  num- 
bers of  collaterals,  which  penetrate  at  various  points  into  the  gray 
substance  and  end  there  in  terminal  filaments.  In  this  respect 
their  arborization  is  contrary  to  the  old  definition  of  these  fibers,  and 
the  latter  must  be  completed  by  the  statement  that,  besides  joining 
symmetric  points  of  the  two  hemispheres,  they  also,  by  means  of 
their  collaterals,  may  connect  other  areas  of  the  gray  substance 
with  tile  peripheral  regions  supplied  by  their  end-tufts  (Ramon  y 
Cajal,  93).  The  association  fibers  have  their  origin  also  in  the 
pyramidal  cells.  In  the  medullary  substance  their  neuraxes  divide 
T-shaped,  and  after  a  longer  or  shorter  course  penetrate  into  the 
gray  substance  of  the  same  hemisphere,  where  they  end  as  ter- 
minal fibers,      A  few  collaterals  are,   however,  previously  given  oflC 
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which  also  terminate  in  the  same  manner  in  the  gray  substance. 
The  association  fibers  form  the  bulk  of  the  medullary  rays. 

On  examining  a  vertical  section  through  one  of  the  cerebral 
convolutions  a  number  of  successive  striations  may  be  seen.  These 
are  more  or  less  distinct,  according  to  the  reg;iun,  and  consist  of 
strands  of  medullated  nerve-fibers  between  the  layers  of  cells,  and 
parallel  with  the  surface  of  the  convolution.  The  most  superficial 
form  a  layer  of  tangential  fibers.  Between  the  molecular  layer  and 
the  layer  of  small  pyramidal  cells  is  the  striation  of  Bechterefl  and 
Kaes,  and  in  the  region  of  the  large  pyramidal  cells  the  striation  of 
Baillarger  (Gennari)  corresponding  to  the  striation  of  Vicq  d'Azyr 
in  the  cuncus,  In  figure  536  the  medullary  substance  is  seen 
below,  with  rays,  composed  of  parallel  bundles  of  fibers,  passing 
upward  into  the  gray  substance  ;  in  reality  these  fibers  penetrate 
much  higher  than  is  shown  in  the  illustration. 


D.  THE  OLFACTORY  BULR 

The  olfactory  bulb  is  composed  o(  five  la)'ers,  wliich  are  espe- 
cially well  marked  on  its  ventral  side  :  first,  the  layer  of  peripheral 
nerve-fibers  ;  second,  the  layer  of  olfactory  glomeruli  ;  third,  the 
stratum  gclatinosum,  or  molecular  layer;  fourth,  the  layer  of  pyr- 
amidal cells  (mitral  cells) ;  and,  fifth,  the  granular  layer  with  the 
deeper  nerve -fibers. 

The  layer  of  peripheral  ibers  is  composed  of  the  nerve- 
bundles  of  the  olfactory  nerve  which  cross  one  another  in  various 
directions  and  form  a  nerve-plexus.  The  glomerular  layer  con- 
tains peculiar,  regularly  arranged,  round  or  oval,  and  sharply  defined 
structures,  which  were  first  accurately  studied  by  Golgi.  They  are 
known  as  glomeruli  (from  100  /i  to  300  ft  in  diameter),  and  arc  in 
reality  complexes  of  intertwining  telodendria.  As  we  shall  see, 
the  epithelial  cells  of  the  olfactory  region  of  the  nose  must  be 
regarded  as  peripheral  ganglion  cells  and  their  centripetal  (basal) 
processes  as  neuraxes.  The  telodendria  of  these  neuraxes,  together 
with  those  of  the  dendrites  from  the  mitral  or  other  cells,  come  in 
contact  with  each  other  within  the  olfactory  glomeruli.  The  molec- 
ular layer  consists  of  small,  spindle-shaped  ganglion  cells.  Their 
neuraxes  enter  the  fifth  layer  and  their  short  dendrites  end  in  ter- 
minal ramifications  in  the  glomeruli.  The  mitral  cells  give  off 
neuraxes  from  their  dorsal  surfaces  which  also  enter  the  granular 
la)'er.  but  the  majority  of  their  dendrites  break  up  into  terminal 
ramifications  in  the  olfactory  glomeruli,  as  just  described.  The 
granular  layer  (absent  in  the  illustration)  is  made  up  of  nerve-cells 
and  nen'C'fibers  ;  but,  aside  from  these,  we  find  also  large  numbers 
of  peculiar  cells  with  a  long  peripherally  and  several  short  centrally 
directed   dendrites.     No  neuraxes  can  be  demon.strated   in   these 
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cells  (granular  cells).  This  layer  also  contains  the  stellate  ganglion 
cells.  The  latter  are  not  numerous,  but  lie  scattered,  and  each  pos- 
sesses several  short  dendrites  and  a  peripherally  directed  neuraxis 
which  ends  in  the  molecular  layer  in  a  rich  arborization.  The  deep 
nerve-fibers  are  grouped  into  bundles  which  inclose  between  them 
tlie  granular  and  stellate  cells  just  mentioned,     These  nerve-fibers 
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Fig.  337. — ^The  olfactory  bulb,  after  Golgi  and  Rain6n  y  Cajal.     The  granular  layer  is 

not  shown. 


are  derived  partly  from  the  oeu raxes  of  the  pyramidal  or  mitral  cells 
and  partly  from  the  cells  of  the  molecular  layer,  while  some  of 
them  are  centripetal  fibers  from  the  periphery,  which  end  between 
the  granules  of  the  fifth  layer. 

E»  EPIPHYSIS  AND  HYPOPHYSIS. 

In  mammalia  the  epiphysis,  or  pineal  gland,  consists  of  a 
fibrous  capsule  derived  fruni  tlic  pia  mater,  from  which  numerous 
fibrous  tissue  septa  and  processes  pass  into  the  gland,  uniting  to 
form  quite  regular  round  or  oval  compartments  in  which  closed 
follicles  or  alveoli,  whose  walls  consist  of  epithelial  cells,  arc  found. 
In  the  lower  portion  of  the  epiphysis  there  is  found  a  relatively  large 
amount  of  neurot^lia  tissue,  consisting  of  coarse  fibers,  as  has  been 
shown  by  Weigcrt.  The  epithelial  cells  forming  the  walls  of  the 
follicles  are  of  cubic  or  short  colunmar  shape,  and  ma\'  be  arranged 
in  a  smglc  layer  or  may  be  pseu  dost  ratified  or  stratified.     Follicles 
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comptetely  filled  with  cellular  elements  are  found.  Other  follicles 
contain  peculiar  concretions,  known  as  brain-sand  or  acervulus,  of 
irregular  round  or  oval  or  mulberry  sliape,  MeduUated  ner\  e-fibers 
have  been  traced  into  the  epiphysis,  but  their  mode  of  termination  is 
not  known. 

The  hypophysis,  or  pituitary  body,  consists  of  two  lobes.  The 
posterior  or  infuiidibular  lobe  is  developed  from  the  floor  of  the  first 
primary  brain -vesicle,  and  remains  attached  to  the  floor  of  the  third 
ventricle  by  a  stalk,  known  as  the  infundibulum  ;  the  antenor  or 
glandular  lobe  develops  from  a  hollow  protrusion  dcnved  from  the 
primary  oral  ectoderm.  The  distal  end  of  this  protrusion  or  pouch 
comes  in  contact  with  the  anterior  surface  of  the  lower  portion  of  the 
infundibulum,  ant!  becomes  loosely  attached  to  it.  As  the  bones  at 
the  base  of  the  skull  develop,  the  attenuated  oral  end  of  this  pouch 
atrophies,  the  distal  end  becoming  finalh'  completely  severed  from 
the  buccal  ca\it>\ 

In  tile  infundibular  lobe  of  the  hypophysis  of  the  dog,  Berkley 
(94)  described  three  portions  presenting  different  microscopic  struc- 
ture. His  account  will  here  be  followed  :  (1)  An  outer  stratum 
consisting  of  three  or  four  layers  of  cells  resembling  ependymal 
cells,  which  arc  separated  into  groups  by  thin  strands  of  fibrous 
tissue  entering  from  the  fibrous  covering  of  this  lobe.  (2)  A  zone 
consisting  of  glandular  epithelial  cells  which  in  certain  places  are 
arranged  in  the  form  of  alveoli,  often  containing  a  colloid  substance. 
This  zone  merges  into  the  centra!  portion.  {3),  containing  variously 
shaped  cells  and  connective-tissue  partitions  with  blood-vessels.  In 
this  portion  neurogliar  cells  (see  these)  and  nerve-cells  were  stained 
by  the  chrome-silver  method. 

The  glandular  or  anterior  lobe  re.'iembles  slightly  in  structure 
the  parathyroid.  This  lobe  is  surrounded  by  a  fibrous  tissue  capsule 
and  within  it  are  found  variously  shaped  alveoli  or  follicles,  or, 
again,  columns  or  trabeculae  of  cells  separated  by  a  very  vascular 
connective  tissue.  In  the  alveoli  or  columns  of  cells  are  found  two 
varieties  of  glandular  cells,  wiiich  may  be  differentiated  more  by 
their  staining  reaction  than  by  their  size  and  structure,  although 
they  present  slight  structural  differences.  One  variety  of  cells  pos- 
sesses a  protoplasm  which  shows  affinity  for  acid  stains  ;  these  are 
known  as  chromophilic  cells.  They  are  of  nearly  round  or  oval 
shape,  with  nuclei  centrally  placed,  and  have  a  protoplasm  present- 
ing coarse  granules.  The  other  variety  of  cells,  known  as  chief 
cells,  are  more  numerous  than  the  chromophilic.  They  are  of  cubic 
or  short  columnar  shape,  with  nuclei  placed  in  the  basal  portions 
of  the  cells  and  with  protoplasm  showing  a  fine  gninulation  and 
with  an  affinity  for  basic  stains.  Now  and  then  alveojj^containing 
a  colloid  substance,  simitar  to  that  found  in  the  alveoli  of  the  thy- 
roid gland,  may  be  observed.  The  blood-vessels  of  the  glandular 
portion  are  relatively  large,  the  majority  of  them  having  only  an 
endothelial   lining  which  comes  in  contact  nith  the  glandular  cells. 
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The  circulation  of  the  hypophysis  must  be  regarded  as  sinusoidal. 
In  the  glandular  portion  of  the  hypophysis  of  the  dog,  Berkley  (94) 
found  small  varicose  nerve-fibers  belonging  to  the  sympathetic  sys- 
tem. From  the  lar^^er  bundles,  which  follow  the  blood-vessels,  are 
I  given  off  single  fibers,  or  small  bundles  of  such,  which  end  on  the 
glandular  elements  in  numerous  small  nodules. 


F.  GANGLIA. 

In  the  course  of  peripheral  nerves  are  found  numerous  larger  and 
smaller  groups  of  ncrvx-cclls,  known  as  ganglia.  The  neurones  of 
these  ganglia  are  in  intimate  relation  with  the  neurones  of  the  cen- 


Fi({.  338, — Longitudinal  scclinn  of  spinal  ganglion  of  cat. 

tra!  nervous  system,  and  may,  therefore,  be  discussed  with  the  lat- 
ItT.  According  to  the  structure  and  function  of  their  neurones,  the 
^•iin^;!iit  are  divided  into  two  groups — (1)  spinal  or  sensory  ganglia 
ttiul  (J)  .s\nij>atlKtic  ganglia. 

The  spinal  ganglia  are  situated  on  the  posterior  roots  of  the 
^#|)inal    nrrves,      Certain   cranial    ganglia — namely,   the    Gasserian, 
Iji  nu  tdale,  and  auditory  ganglia,    the  jugular  and  petrosal  gan- 
glia uf  ihc  glos.sopharyngcal  nerves,  and  the  root  and  trunk  ganglia 
ol  tlu'  vagi — are  classed  with  the  spinal  ganglia,  since  they  present 

III tiiic  ?>tnicture.      The   spinal  and  sensory  cranial  ganglia  arc 

•nimnndiil  liy  lirni  connective- tissue  capsules,  continuous  with  the 
|iei<M*  Mild  "^luMlhs  r>f  the  incoming  and  outgoing  nerve-roots.   From 
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these  capsules  connective -tissue  septa  and  trabecular  pass  into 
the  interior  of  the  gangha,  giving  support  to  the  nerve-elements. 
The  cell-bodies  (ganglion  cells)  of  the  neurones  constituting  these 
ganglia  are  arranged  in  layers  under  the  capsule  and  in  rows  and 
groups  or  clusters  between  the  ncr\e-fibers  in  the  interior  of  the 
ganglia.  More  recent  investigations  have  shown  that  several  tj'pes 
of  neurones  are  to  be  found  in  the  spinal  and  cranial  sensory  gan- 
glia ;  of  these,  we  may  mention  the  following:  (i)  Large  and 
small  unipolar  cells  with  T-  or  Y-shaped  division  of  the  process. 
Tliese  neurones,  which  constitute  the  greater  number  of  all  the 
neurones  of  the  ganglia  under  discussion,  consist  of  a  round  or 
oval  cell-body,  from  which  arises  by  means  of  an  implantation  cone 
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P^>  339* — Ganglion  cell  fTom  the  GasserioQ  ganglion  of  a  rabbit ;  stained  in  methylene> 

blue  (iuira  vitam). 


a  single  process,  which,  soon  after  it  leaves  the  cell,  becomes  in- 
vested with  a  medullar^'  sheath  and  usually  makes  a  variable  num- 
ber of  spiral  turns  near  the  cell-body.  According  to  Dogiel,  this 
process  divides  into  two  branches,  usually  at  the  second  or  third 
node  of  Ranvier,  sometimes  not  until  the  seventh  node  is  reached. 
Of  these  two  branches,  the  peripheral  is  the  larger,  and  enters  a 
peripheral  nerve-trunk  as  a  niedu Hated  sensory  nerve-fiber,  termi- 
nating in  one  of  the  peripheral  sensory  nerve-endings  previously 
described.  The  central  process,  the  smaller  of  the  two,  becomes  a 
medullated  nerve-fiber,  which  enters  the  spinal  cord  or  medulla  in  a 
manner  described  in  a  former  secti<.>n.  The  eel  I -body  of  each  of 
these  neurones  is  surrounded  by  a  nucleated  capsule,  continuous  with 
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the  neurilemma  of  the  single  process.  (2)  Type  II  spinal  ganglion 
cell  of  Dogiel.  Dogiel  has  recently  tlescribed  a  second  t)'jx^  of  sj)inal 
ganglion  cell  which  differs  materially  from  the  type  just  described. 
The  cell-bodies  of  these  neurones  resemble  closely  those  of  the  typ- 
ical spinal  ganglion  neurones.  Their  single  medullatcd  processes  1 
divide,  however,  soon  after  leaving  the  cells  into  branches  which' 
divide  further  and  which  do  not  pass  beyond  the  bounds  of  the  gan- 
glia but  terminate,  after  losing  their  medullar)'  sheaths,  in  compli- 
cated pericapsular  and  pericellular  end-plexuses  surrounding  tlie 
capsules  and  cell-bodies  of  the  tj-pical  spinal  ganglion  cells,  (3^  Mul- 
tipolar ganglion  cells  ;  in  nearly  all  spina!  and  cranial  ganglia  there 
are  found  a  few  multipolar  ncr\'e-cclls,  which  in  shape  and  struc- 
ture resemble  the  neiTc-ccUs  of  the  sympathetic  system. 


-21. 


^*S-  340  — Diagram  showing  Ihe  relations  of  the  neurones  of  ■  spinal  ganglion  ; 
^,  r.,   posterior  rtxjt  ;    a,  r.,  anterior  root;   />.  j.,   pusltMJor  lirnnch    and  a.  j.,  anterior 
branch  of  spinal  nerve  \  w.  r.,  white  rnmus  comniunicans ;  n,  large,  and  &,  small  s^jina) 
ganglion  cells  with  T-shaped  division  of  pf«Kess  ;  c,  type  II  spinal  ganglion  cells  (Dogiel);  1 
J,  multipolar  cell ;  </,  ner\-e-fibei  from  sympathetic  ganglion  terminating  in  pericellular^ 
plexuses  (slightly  modified  from  diagram  given  by  I>ogiel). 


Entering  the  spinal  ganglia  from  the  periphery  are  found  a  rel- 
atively small  number  of  small,  medullatcd  or  nonmeduUatcd  nerve- 
fibers,  probably  derived  from  sympathetic  ganglia.  These  nerve- 
fibers,  medullatcd  and  non medullatcd,  the  former  losing  their 
medullary  sheaths  within  the  ganglia,  approach  a  spinal  ganglion 
cell,  and  after  making  a  few  spiral  turns  about  its  process,  termi- 
nate in  pericapsular  and  pericellular  end-plexuses.  Dogiel  believes 
that  the  eel  I -bodies  and  capsules  thus  surrounded  by  the  terminal 
branches  of  the  sympathetic  fibers  terminating  in  the  spinal  ganglia 
belong  to  the  spinal  ganglion  cells  of  the  second  type  first  descriljed 
by  him.  In  figure  340  is  represented  by  Avay  of  diagram  the 
structure  of  a  spinal  ganglion. 

In  the  medium-sized  cells  (from  30  fi  to  45  /i  in  diameter)  of  the 
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spinal  ganglia  of  the  frog,  von  Lenhossek  (95)  found  centrosomes 
surrounded  by  a  dear  subslance  (centrospheres).  The  entire  struc- 
ture lay  in  a  depression  of  the  nucleus  and  contained  more  than 
twelve  extremely  minute  granules  (centrosomes),  which  showed  a 
staining  reaction  different  from  that  of  the  numerous  concentrically 
laminated  granules  present  in  the  protoplasm.  This  observation  is 
interesting  in  that  it  proves  that  centrosome  and  sphere  occur  also 
in  the  protoplasm  of  cells  which  have  not  for  a  long  time  under- 
gone division  and  in  which  tliere  is  no  prospect  of  future  division. 

Sympathetic  Ganglia. — The  ganglia  of  the  sympathetic  ner- 
vous system  comprise  lliose  of  the  two  great  ganghonatcd  cords, 
found  on  each  side  of  the  vertebral  column  and  extending  from  its 
cephalic  to  its  caudal  end.  with  which  may  be  grouped  certain  cranial 
ganglia  having  the  same  structure, — namely,  the  sphenopalatine, 
otic,  ciliary,  sublingual,  and  submaxillary  ganglia;  also  three  un- 
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34I4— NeuFone  from  inferior  cervical  sympathetic  ganglion  of  a  rabbit ;  methylene- 

blue  stain. 


paired  aggregations  of  ganglia,  found  in  front  of  the  spina!  column. 
of  which  the  cardiac  is  in  the  thorax^  the  semilunar  in  the  abdomen, 
and  the  hypogastric  in  the  pelvis  ;  and  further,  large  numbers  of 
smaller  ganglia,  the  greater  number  of  which  are  of  microscopic 
size  and  are  found  in  the  walls  of  the  intestinal  canal  and  bladder, 
in  the  respiratory  passages,  in  the  heart,  and  in  or  near  the  majority 
of  the  glands  of  the  body. 

The  sympathetic  ganglia  are  inclosed  in  fibrous  tissue  capsules 
continuous  with  the  perineural  shuaths  of  their  ncr\'e-roots.  The 
thickness  of  the  capsule  bears  relation  to  the  size  of  the  ganglion, 
being  thicker  in  the  larger  and  thinner  in  the  smaller  ones.  From 
these  capsules  thin  connective-tissue  septa  or  processes  pass  into 
the  interior  of  the  ganglia,  supporting  the  nerve  elements. 

The  sympathetic  neurones,  the  cell-bodies  and  dendritic  processes 
of  which  are  grouped  to  form  the  sympathetic  ganglia,  are  variously 
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'^itytifc  trilpAit  6ipabr.  and  multipolar  cells,  the  cell-bodies  of 
^l^i^Miik  iMMMMibi  hf  nucleated  capsules,  continuous  with  the 
ncurifaaamkoftMr  aeunxes.  In  the  sympathetic  ganglia  of  mam- 
i4  biwfe  the  great  majority  of  sympathetic  neurones  are 
Mia^u^^MUTi  ^iAott^  m  nearly  all  ganglia  a  small  number  of  bipolar 
Mhk  ^iri(r"^*^  cdfe  an  to  be  found,  usually  near  the  poles  of  the 
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ic  il^fidhibes  of  the  sympathetic  neurones  in  any  one  ganglion 
itedly.     C>f  these  branches,  some  extend  to  the  per- 
i|MjBk4^  vH  okc  (pmgtion>  where  they  interlace  to  form  a  peripheral 
"eXMSt  while  others  interlace  to  form  plexuses  between 
of  tlr  neurones  in  the  interior  of  the  ganglion — 
femoas.     These  pericellular  plexuses  are  external  to 
Li.ifiMfc»  miiniMlilinL  the  cell -bodies  of  the  sympathetic  neurones. 


.o 


\h^  U|i  ^ftTil  MTClion  of  'iftnilunRr  ganglion  of  cat ;  slAined  in  methyl 
t4fa»t  ^llulwr.  JiU4fnal of  Morfkohgy\  1899). 


lenc-blue,  xnlra 


*fha  WMimxes   of  the  sj'mpathetic  neurones,  the   majority  of 
^hWh  *ir  m*nmcihi Hated,   the  remainder  surrounded  by  delicate 
,,     '   "  ,'\  »hcalhs,  arise  from  the  cell-bodies  either  from  implanta- 
,  ,  H  oi    lrv>m  dendrites  at  variable  distances  from  the  cell- 

iho  i^anglion  by  way  of  one  of  its  nerveroots,  and 
I... ...,„.,.   M  l\carl  muscle  tissue,  nonstriated  muscle,  and  glandular 

|4««\H'.  *n*J  to  jiomc  extent  in  other  ganglia,  both  sympathetic  and 

^mimI       '  '^'"Js  '"  ^^  svtnpathetic  ganglia  are  found  certain 

%\\\^\\  «»'  •   nerve-fibers,  varying  in  size  from  about  1.5  /i  to 

t\  JI4       l^u'  irscarchcs  o{  Gaskell,  Langley,  and  Sherrington  have 

Jl«o\^ii   lh.it  thc!«c  small   mcduUated  nerve-fibers   leave  the  spinal 

l^NMsl  lhioU|:h  the  anterior  roots  of  the  spinal  nerves  from  the  first 

\KuttAl  to  the  thin!  or  fourth  lumbar  and  reach  the  sympathetic 
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ganjjita  through  the  7i>/uft'  mmi  comtfiunicatttes.  Similar  siii.ill 
medullated  nerve-fibers  are  found  in  certain  cranial  ner\'cs.  These 
small  medullated  nerve-fibers,  which  may  be  spoken  of  as  whitt- 
rami  fibers,  after  a  longer  or  shorter  course,  in  which  they  may 
pass  through  one  or  several  ganglia  without  making  special  con- 
nection with  the  neurones  contained  therein,  termiiute  in  some 
sympathetic  ganglion  in  a  very  characteristic  manner.  After  enter- 
ing the  sympathetic  ganglion  in  which  they  terminate,  they  branch 
repeatedly  while  yet  medullated.  The  resulting  branches  then  lose 
their  medullary  sheaths  and  divide  into  numerous  small,  varicose 
nerve-fibers,  which  interlace  to  form  intracapsular  plexuses,  whicii 
surround  the  cell-bodies  of  the  sympathetic  neurones.  In  the 
sympathetic  ganglia   of   mammalia  such  intracapsular  pericellular 
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Fig.  343. — From  section  of  stellate  ganglion  of  dog,  stained  in  methylcnc-blue  and  alum 
carmin  ;  </,  while  ramus  liber  [Hiihct,  Journal 0/ Morphaiog^y^  '899 ). 


plexuses  may  be  very  simple,  consisting  of  only  a  few  varicose 
nerve-fibers,  or  very  complicated,  consisting  of  many  such  fibers. 
In  the  synipalhetic  ganglia  of  reptilia,  in  which  are  found  very 
large  sympathetic  neurones,  the  white  rami  fibers  are  wound  spirally 
about  the  cell-bodies  of  such  neurones  before  terminating  in  com- 
plicated pericellular  plexuses.  In  the  frog  and  other  amphibia  the 
sympathetic  neurones  are  unipolar  nerve-cells.  The  white  rami 
fibers  terminating  in  the  sympathetic  ganglia  of  amphibia  are  wound 
spirally  about  the  single  processes  of  these  unipolar  cells  while  yet 
medullated  fibers,  but  they  lose  their  medullary  sheaths  before  ter- 
minating in  the  intracapsular  pericellular  plexuses.  F"rom  what 
has  been  said  concerning  the  white  rami  fibers  and  their  relation  to 
the  sympathetic  neurones,  it  is  evident  that  the  sympathetic  neu- 
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rones,  the  cell-bodies  and  dendrites  of  which  are  grouped  to  form 
the  sympathetic  ganglia,  form  terminal  links  in  nerve  or  neurone 
chains  ;  the  second  link  of  these  chains  is  formed  by  neurones  the 
cell -bodies  of  which  are  situated  in  the  spinal  cord  or  medulla,  the 


Fig.  344. — Fmm  section  of  sympalhetic  ganglion  of  turtle,  showing  white  rami 
fihcrk  wound  spirally  about  a  large  proce^  of  a  unipolar  cell,  and  ending  in  pericellular 
plcxuh  [WnXiKi^  Jintrnal  of  Aforpfio/ogy,  1H99). 

ncuraxe.s  leaving  the  cerebrospinal  axis  through  the  white  rami  as 
sin.ill  nicdullatcd  nerve-fibers,  which  terminate  in  pericellular  plex- 
uses inclosinij  the  cell-bodies  of  the  sympathetic  neurones. 

Large  mcdullated  nerve-fibers,  the  flendntes  of  spinal  ganglion 
neurones,  reach  the  sympathetic  ganglia  through  the  white  rami. 


Klfl.  .14S.— From  section  orsympatheiic  ganglion  of  fmg,  showing  spiral  Aber  (white  nuxiu» 
(tluM)  Mini  prricrllular  plexus  [\\\x\ntx ,  Ji^urnai a/ Aforfkoloiiy^  iS99)- 

Thry  lU.ikr.  lidwever.  nf>  connection  with  the  sympathetic  neurones, 
lint  !>(»•»•»  lluHugh  the  ganglia  to  reach  the  viscera,  where  they  tcr- 
iniutUi    in  Hpri  lal  sensorj'  nerve-endings  or  in  free  sensor>'  nerve- 
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G*  GENERAL   SURVEY  OF  THE  RELATIONS   OF  THE 

NEURONES  TO  ONE  ANOTHER  IN  THE 

GEHTRAL  NERVOUS  SYSTHML 

The  following  figures  illustrate  tlic  modern  theories  with  re- 
gard to  the  rehuionsliip  of  the  neurones  in  a  scnsorimritor  reflex 
cycle.  The  pathway  along  which  the  impulse  from  the  stimulated 
area  of  the  body  is  transmitted  to  the  motor  nerve  end-organ  tra- 
verses two  neurones  (primary  neurones)  which  are  in  contact  by 
means  of  their  tclodendria  situated  within  the  gray  matter  of  the 
spinal  cord.  The  cell-body  of  the  sensory  neurone  lies  within  the 
spinal  ganglion  ;  that  of  the  motor  neurone,  in  the  anterior  horn  of 
the  spinal  cord.     The  dendrite  of  the  sensory  neurone  commences 
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Fijj.  346. — Schematic  diagTarn  of  a  sensorimotor  reflex  wc  according  to  the  modern 
iifunme  thef)ry  ;  transverse  section  of  spinal  cord:  niA',  Motor  neurone;  iA,  soiifytiry 
neurone;  (.'',  nerve-cell  of  the  motor  neurone;  C*',  ner^e-cell  of  the  sensory  neurone; 
</,  deudnte  ;  n,  neuraxis  of  bolh  neurones;  /,  iclodendrin  ;  J/,  muscle  fiber ;  A,  skin 
with  peripheral  telodentirion  of  sensory  neurone. 

as  a  telodendrion  in  the  skin  or  perhaps  also  in  more  deeply  seated 
.structures,  and  transmits  a  celluiipetal  impulse,  while  its  cclluliritgal 
neuraxis  and  te)odeiidrion(the  latter  in  the  gray  tnatter  uf  the  cord) 
transfer  the  impulse  to  the  cellulipctal  telodendrion  of  the  motor 
neurone.  The  cellulifugal  neuraxis  of  the  latter  finally  ends  as  a 
telodendrion  in  the  muscle.     (Figs.  346  and  347.) 

In  the  case  of  longer  tracts  the  conditions  are  somewhat  more 
complicated,  as,  for  instance,  in  tracing  the  impulse  along  the  sen- 
sory fibers  to  the  cortex  of  the  brain,  and  from  there  along  the 
motor  fibers  to  the  responding  muscle.  In  such  cases  secondary 
neurones  are  called  into  play  by  means  of  their  tclodendria,  which 
are  necessarily  in  contact  with  the  primary  neurones  just  described. 
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When  we  take  into  consideration  the  simplest  possible  case,  that 
of  the  motor  segment  nfsuch  a  neurone-chain,  we  find,  for  instance 
(Fig.  348),  that  the  neuraxis  of  a  pyramidal  cell  in  the  brain  cortex 
(psychic  cell)  enters  the  white  substance  and  traverses  it  as  a  nerve- 
fiber  through  the  peduncle  and  the  pAramid  into  the  crossed 
pyramidal  tract  of  the  opposite  side.  Here  its  teludcndria  come  in 
contact  with  those  of  the  motor  neurone  oftlie  anterior  horn. 

In  the  foregoing  instance  the  motor  ner\'e  tract  is  composed  of 
two  neurones — of  a  motor  neurone  of  the  first  order,  extending 
from  the  cortex  of  the  brain  to  the  anterior  cornua  of  the  spinal 
cord,  and  of  a  motor  neurone  of  the  second  order,  the  elements 
of  which  extend  from  the  anterior  cornua  to  the  tclodcndria  in  the 
muscle. 
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(^>K-  347- — Bchematic  diagram  of  a  sensorimotar  reflex  cycle ;  sagittal  section  of 
the  npirul  cord:  t'',  Motor  cells  of  ihe  anterior  cornua;  «,  «,  ncuraxes ;  /.V,  sensory 
neurone  ;  ('  *,  s]iinal  ganglion  cell  ;  T,  collaterals  of  the  "tensor}-  neuraxes  ;  </,  dendrite  of 
wn»ory  neurone  ;  the  broken  lines  at  the  cells-  on  the  left  indicnte  their  dendrites. 


I  l»e  sensory  tract  may  likewise  be  composed  of  neurones  of  the 
fir*!  and  second  orders.  Tlie  cellultfugal  nt;uraxis  arising  from  a 
cell  i\{  the  spinal  ganglion  passes  to  the  posterior  column  of  the 
iiird,  gives  off  collaterals  to  the  latter,  and  then  passes  upward  by 
tni  .HtH  I  if  its  ascending  branch  through  the  posterior  column  to  the 
nu'diilla.  Although  here  the  relationship  is  not  so  clearly  defined 
»ni  III  ihi-  motor  tract,  it  may  nevertheless  be  assumed  that  the  ccUu> 
lUiij^al  (bill  centri()etally  conducting)  neuraxis  at  some  point  or 
ntl»«  rlrrnvin.ites  iti  tclodendria  (scnsor\'  neurone  of  the  first  order), 
V^hU  h  riil'T  Htto  contact  with  the  corresponding  structures  of  a  cell 
iif  Oil?  i»|in)al  t  ot(i  or  medulla  oblongata.     These  cells  would  then 
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:r  cspcdaJIy  differentiated   supporting 

rwvos  system,  the  optic  chiasm,  optic 

•ine  distance,  at  least,  in  the  olfactory 

>er  *sss>ucs  has  long  been  a  matter  of  con- 

-:-^  cr^  ha\*e  shown  quite  conclusively  that 

oi.-'maI  origin.      It  should  not  be  under- 

-.    ri  uT'-^j^ita  tissue  forms  the  only  supporting 

-      ,^1^-^  .:<.rvvus  system.      In  all  parts  of  the  central 

>s«H^  rftMte  cspeoftlly,  however,  in  the  spinal  cord,  there 

,  u^ti.  «.js«MBSaiy^  Bssye  of  mesobiastic  ongin,  more  especially 

t^-fcsa  nit^  the  bfoed-vcssels. 

embryonic  development  there  are  seen  in 
Mh  -w*^  -•~  -^^-  »  ^^c  brain,  elements  radially  disposed 
i;i|ll  mnwZ  qhmI.  which  upon   closer   observation  appear 
«j^Mi!^4HMMiiMg  from  the  epithelial  cells  lining  the  neural 
?TlG«i^  LJ€M>;<mfl  ni^>"  undergo  repeated  cliclvotonious  divi- 
sion, ending  finally  in  a  swelling 
near  the  periphery  of  the  cord. 
These  celts  arc  known  as  epen- 
dymal  ceils,  and  are  differenti- 
^  ated  from  ectodermal  cells,  called 

Spongioblasts.  In  later  stages 
the  radial  arrangement  is  still 
preserved,  but  the  cell-bodies  no 
lonj^er  all  border  upon  the  cen- 
tral canal,  many  being  found  at 
var)  ing  distinces  from  the  latter. 
At  this  stage  in  the  development 
of  the  spinal  cord,  the  elements 
retaining  their  original  charac- 
teristics are  situated  only  in  the 
region  of  the  ventral  and  dorsal 
fissures  of  the  spinal  cord,  and 
during   further  development  in- 

...^.  .  r.ra..,  oi      ^^^^^^  ^^  uumber. 

JJf  ^^,  '  These    obsen'ations     would 

seem  to  indicate  that  at  least  a 
^^^  lull  cells,  which  develop  from  the  epcndymal 

^5*.  uoned,  orij*inate  from  the  epithelium  of  the 

Aiul  that  from  here  they  are  gradually  pushed  toward 
t^  vy»vyi>s«>  of  iheconi.    This  assumption  is  still  further  strenglh- 
.^.rt<>t  ^^v  ^h«>  CikH  that  later  the  epithelial  cells  of  the  central  canal 
l.ater  observations  (Schaper,  97)  show,  how- 
.clls  develop  also  from  certain  undifferentiated 
^{\%  Hi  the  neural  canal,  of  ectodermal  origin,  which 
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wander  from  their  position  near  the  neural  canal  toward  the  per- 
iphery of  the  mcdullaiy  tube,  where  they  develop  into  ncurogHa 
cells. 

Owing  to  the  fact  that  of  the  several  methods  now  at  hand  for 
studying  neuroglia  tissue  no  two  give  identical  results,  the  views 
concemintj  this  tissue  are  still  at  variance.  The  Golgi  or  chrome- 
silver  method  was  for  many  years  the  only  method  by  means  of 
which  the  elements  of  neuroglia  tissue  were  brought  to  light  with 
any  degree  of  clearness.  In  preparations  of  the  central  nervous 
system  treated  with  this  method  all  the  neuroglia  elements  appear 
as  cells  with  processes.  The  cell  bodies  of  tliese  cells  as  also  the 
processes  being  stained  black  or  nearly  black  (as  seen  with  trans- 
mitted light)  so  that  the  relations  of  the  processes  to  the  cellular 
constituents  can  not  be  ascertained,  investigators  who  have  made  use 
of  this  method  in  their  study  of  neuroglia  distinguish  two  essentially 
diflerent  cellular  elements  of  the  neuroglia;  ependymal  cells,  pre- 
viously mentioned,  and  neuroglia  cells,  so-called  spider  cell.s  or 
a.strocytes.  The  astrocvles  are  grouped  under  two  main  heads : 
shoit-rayed  astrocytes,  possessing  a  few  short  processes,  found  in  the 
gray  matter,  and  long- rayed  astrocytes  with  many  fine  and  long  pro- 
cesses, which  do  not  appear  to  branch,  found  botia  in  the  gray  and 
white  matter.  The  two  types  of  astrocytes  are  not  clearly  defined, 
as  intermediate  tj'pes  are  also  found.  In  figure  349  are  shown  two 
astrocytes  (long-rayed)  as  seen  in  chrome-silver  preparations, 

A  number  of  investigators  have  in  recent  years  perfected  methods 
by  means  of  which  neuroglia  tissue  could  be  stained  differentially — 
Weigert,  Mallory,  Benda.  In  tissues  treated  after  any  one  of  these 
rather  complicated  differential  staining  methods  the  processes  of  the 
neuroglia  cells  as  seen  in  chrome- silver  preparations  appear  in  the 
form  of  well- contoured  fibrils,  which  are  not  interrupted  by  the  cell- 
bodies  of  the  neuroglia  cells,  from  which  they  are  either  entirely 
separated  or  are  .seen  to  pass  through  the  pmtnplasm  of  the  cells 
without  losing  their  identit>'.  In  preparations  of  the  central  nervous 
system  stained  after  Renda's  differential  neuroglia  tissue  staining 
method,  numerous  neuroglia  cells  may  be  observed  both  in  the  gray 
and  white  matter.  Certain  of  these  cells  possess  ver)-  little  proto- 
plasm, other.s — and  these  arc  in  the  majority — present  it  to  an  ap- 
preciable extent.  The  shape  of  such  cells  vaiies.  When  situated 
in  the  main  mass  of  the  white  matter  of  the  spinal  cord,  and  seen  in 
cross-sections  of  the  cord,  they  present  an  irregular  triangular  and 
quadrangular  form,  with  protoplasmic  branches  which  arise  from  the 
angles  and  which  extend  for  a  variable  distance  between  the  nerve- 
fibers.  In  such  preparations  it  may  be  seen  that  the  neuroglia 
fibers  pass  in  close  proximity  to  the  neuroglia  cells,  apparently  em- 
bedded in  the  outermost  part  of  their  protoplasm,  and  often  fullow- 
ing  the  protoplasmic  processes.  This  view  of  the  .structure  of  ncu- 
rogliar  tissue  is  more  in  accord  with  recent  investigations  on  this 


43^ 


THE   CENTRAL    NERVOUS    SYSTEM. 


subject  (Weigert,  Mallory,  Henda,  Krause^  llardesty,  Hubcr).  In 
figure  350  arc  shown  two  neuroglia  cells  from  a  cross-section  of  a 
human  spinal  cord,  in  which  the  relation  of  neuroglia  fibers  to  neu- 
roglia cells  is  shown. 


^^^ 


Fig.  350. — Typical  neuroglia  ccllsj  from  cross-section  of  ihc  white  mailer  of  the 
Immao  spinal  cord,  stained  after  Beoda's  selective  neuroglia  tissue  staining  method; 
X  1200  (Huber,  *' Studies  on  Neuroglia  Tissue,''   I'aughaH  Ffitschrift,  1903). 


L  THE  MEMBRANES   OF   THE 
NERVOUS  SYSTEM, 


CENTRAL 


The  membranes  of  the  central  nervous  system  (meninges)  are 
three  in  number:  the  outer,  or  dt4ra  mater ;  the  middle,  or  arach- 
noid:  and  the  inner,  or  pia  vuitir. 

Around  the  brain  the  dura  mater  is  very  intimately  connected 
with  the  periosteum  and  presents  a  smooth  inner  surface.  It  con- 
sists of  an  inner  and  an  outer  layer,  the  two  being  separated  from 
each  other  only  in  certain  regions.  At  such  points  either  the  inner 
layer  is  pushed  inward  to  form  a  duplicature,  as  in  the  falx  cerebri 
and  falx  ccrebclli.  tentorium,  and  diaphragma  sell;!;,  or  the  outer 
layer  is  pushed  outward  to  form  small,  blindly  ending  sacs.  The 
venous  and  lymphatic  sinuses  lie  between  the  two  layers.    The  outer 
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layer  of  the  dura  is  continued  some  distance  along  the  cerebrospinal 
ncrv'cs. 

The  dura  mater  of  the  spinal  cord  does  not  form  the  periosteum 
for  the  bones  forming  the  vertebral  canal  ;  these  possess  their  own 
periosteum.  The  spinal  dura  mater  is  covered  on  its  outer  surface 
by  a  layer  of  endothelial  cells  and  is  separated  from  the  wall  of  the 
vertebral  canal  by  the  epidural  space,  containing  a  venous  plexus 
imbedded  in  loose  areolar  connective  tissue  and  adipose  tissue. 

The  dura  consists  chiefly  of  connective-tissue  bundles  having  a 
longitudinal  direction  along  the  spinal  cord.  Within  the  cranium, 
however,  the  bundles  of  the  inner  and  outer  layers  cross  each  other  , 
those  of  the  outer  having  a  lateral  direction  anteriorly  and  a  mesial 
posteriorly  ;  those  of  the  timer,  a  mesial  direction  anteriorly  and  a 
lateral  posteriorly.  In  the  falx  cerebri,  tentorium,  etc.,  the  fibers  are 
arranged  radially,  extending  from  their  origin  toward  their  borders. 
The  shape  and  size  of  the  connective-tissue  cells  vary  greatly,  and 
their  processes  form  a  network  around  the  bundles  of  connective 
tissue.  Few  clastic  fibers  arc  present,  and,  according  to  K,  Schultz, 
these  are  entirely  absent  in  the  new-born  ;  they  are  somewhat  more 
numerous  in  the  dura  of  the  spinal  cord.  The  dura  is  very  rich  in 
blood -capillaries,  and  the  presence  of  lymphatic  channels  in  com- 
munication with  the  subdural  space  maybe  demonstrated  by  means 
of  puncture- injections.  The  iimer  surface  of  the  dura  mater  is  cov- 
ered by  a  layer  of  endothelial  cells, 

The  dura  mater  is  quite  richly  supplied  with  nerves,  especially 
in  certain  regions.  These  are  of  two  varieties  :  ( i )  Vasomotor  fibers, 
which  form  plexuses  in  the  adventitial  coat  of  the  arteries,  and 
would  seem  to  terminate  in  the  muscular  coat  of  the  arteries  ;  (2) 
mcduilated  nerve-fibers,  which  either  accompany  the  blood-vessels 
in  the  form  of  larger  or  smaller  bundles  or  have  a  course  inde- 
pendent of  the  vessels.  After  repeated  division  these  medu Hated 
nerve-fibers  lose  their  medullary  sheaths  and  terminate  between  the 
connective-tissue  bundles  in  fine  varicose  fibrils,  which  may  often 
be  traced  for  long  distances  (Huber,  99).  ' 

The  arachnoid  is  separated  from  the  dura  by  a  space  which  is 
regarded  as  belonging  to  the  lymphatic  system — the  sttifdurai  spare. 
The  outer  boundary' of  the  arachnoid  consists,  as  does  the  inner  lin- 
ing of  the  dura,  of  a  layer  of  flattened  endothelial  cells.  The  arach- 
noid is  made  up  of  a  feltwork  of  loosely  arranged  connective-tissue 
trabecule,  which  also  penetrate  into  the  lymph-space  between  it 
and  the  pia — the  subaraehnoid  space.  For  a  short  distance  from 
their  points  of  origin  the  ccrebro.spinal  nerves  arc  accompanied  by 
arachnoid  tissue.  In  the  brain  the  arachnoid  covers  the  convolu- 
tions and  penetrates  with  its  processes  into  the  sulci.  These  pro- 
ces.ses  are  especially  well  developed  in  the  so-called  cisterns  ;  in 
the  cisterna  cerebellomedullaris,  fossne  Sylvii,  etc.  In  the  spinal 
cord  the  subarachnoid  space  is  separated  by  the  ligamenta  den- 
ticulata  into  two  large  communicating  spaces — a  dorsal  and  a  ven- 
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tmL     Tbe  dMsal  space  is  further  divided  by  the  septum  posticum, 
bc!>t  ifcvdopcii  in  the  cervical  region. 

At  ccrCun  points,  usually  alon^  the  superior  longitudinal  sinus, 
the  uuter  surtacc  of  the  arachnoid  is  raised  into  villi,  which  are 
QtMOoi  by  the  inner  layer  of  the  dura,  and  fomi  with  the  latter  the 
lies  or  granulations.  These  villi  are  connected 
•uacbttoid  by  pedicles  so  delicate  that  they  often  seem  to 
*:>^aded  firctr  in  the  venous  current  of  the  sinus. 

r  subonchnoid  space  contains  numerous  blood-vessels,  some 

"^fcbic'  '  :^e  and  others   attached  to  the  arachnoid.     Their 

Fadv^obi:^  red  by  endothelium ;  hence  the  sul^arachnpid  space 

would  seem  to  assume 
here  the  character  of  a 
perivascular  space. 

The  trabecula:  and 
membranes  composing 
the  arachnoid  tissue  show 
a  great  similarity  to  those 
of  the  mesentery,  and  es- 
pecially to  those  of  the 
omentum.  The  whole 
constitutes  a  typical  are- 
olar connective  tissue, 
interrupted  at  numerous 
points  and  covered  by  a 
continuous  layer  of  en- 
dothelial cells.  Large 
numbers  of  spiral  fibers 
are  found  here  twining 
around  single  or  groups 
of  connective-tissue  fi- 
bers. The  arachnoid 
possesses  neither  blood- 
vessels nor  nerves. 

The  pia  mater  cov- 
ers the  entire  surface  of 
the  brain  and  spinal  cord, 
X  J(»\vn  into  every  fissure  and  crevice.      In  the  spinal  cord  it 

,vi'  .m  outer  and  an  inner  lamella,  the  former  being  com- 
iuv«cd  of  bundles  of  connective  tissue  containing  elastic  fibers. 
A*  *  rule,  the  course  of  the  fibers  is  longitudinal.  E.vternally 
thw  layer  is  covered  by  a  layer  of  endothelium.  The  blood- 
w^^eln  lie  l)ctwcen  the  outer  and  inner  layers  of  the  pia.  The 
inner  Uycr  (pia  intima)  is  made  up  of  much  finer  elements,  and 
i»  covered  on  both  sides  by  endothelium.  It  is  this  layer  which 
HCCtMupanics  the  blood-vessels  penetrating  into  the  spinal  cord. 
f  >urrounding  their  adventitia  and  foraiing  with  the  latter  the  limits 
of  iheir  perivascular  .spaces.     These  arc  in  communication  with  the 
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interpial  spaces,  and.  by  means  of  tlie  adventitia  of  the  blood-vessels, 
with  the  subarachnoid  space.  Aside  from  those  just  described, 
numerous  fine,  nonvascular,  connective-tissue  septa  penetrate  fmm 
the  pia  mater  into  the  substance  of  the  spinal  cord.  Wherever  the 
pia  mater  penetrates  the  spinal  cord,  the  latter  is  hollowed  out» 
forming  the  so-called  pial  funnels.  Just  beneath  the  pia  there  is 
found  in  the  spinal  cord  of  man  a  well -developed  layer  of  neuroglia 
fibers.  The  posterior  longitudinal  septum  of  the  spinal  cord  consists 
(in  the  thoracic  reijion)  exclusively  of  neurogliar  elements,  but  \\\  the 
cervical  and  lumbar  regions  the  pia  also  enters  into  its  peripheral 
formation. 

In  the  brain,  however,  the  conditions  are  somewhat  different. 
Here  the  external  layer  of  the  pia  disappears.  leaving  only  a  single 
layer  analogous  to  the  pia  intima  of  the  spinal  cord. 

The  pia  mater  enters  into  the  formation  of  the  choroid  plexus. 
This  structure  consi.sts  of  numerous  freely  anastomosing  blood- 
vessels, which  form  villus-like  processes,  the  surfaces  of  which  are 
covered  by  squamous  or  cubic  ej>ithelial  cells.  This  epithelium  is 
regarded  as  a  continuation  of  the  ventricular  epithelium,  and  is  cili- 
ated, at  least  in  embryonic  life  and  in  the  lower  classes  of  verte- 
brates. From  an  embryologic  point  of  view  the  wliole  structure 
represents  the  brain-wa!l  reduced  to  a  single  layer  of  epithelium 
(internal  epithelial  investment)  pushed  forward  into  the  ventricle  by 
the  vessels  and  pia  mater. 

Since  the  dura  and  arachnoid  accompany  the  cerebrospinal 
nerves  for  some  distance,  it  is  obvious  that  the  lymph-ves.sels 
of  the  nasal  mucous  membrane  (see  these)  may  also  be  injected 
from  the  subarachnoid  .space  (compare  al.so  Key  and  Retzius). 

The  pia  mater,  like  the  dura  mater,  receives  two  varieties  of 
nerve-fibers  :  ( i)  V^asoniotor  fibers,  which  form  plexuses  in  the  ad- 
ventitial coat  of  the  arteries  and  terminate  in  the  muscular  layer  of 
the  arteries.  These  may  be  traced  to  the  small  precapillary 
branches  o{  the  vessels.  (2)  Larger  and  smaller  bundles  of  rela- 
tively large,  medullated  nerve-fibers,  Avhich  accompany  the  larger 
piat  vessels,  forming  loose  plexuses  in  or  on  the  adventitial  coat  of 
the  vessels.  After  repeated  divisions  the.se  medullated  nerves  lose 
their  medullary  sheaths  and  terminate  in  the  adventitia  of  the  ves- 
sels, in  long,  varicose  fibrils  or  in  groups  of  such  fibrils  (Huber, 
99)- 


J.    BLOOD-VESSELS  OF  THE  CENTRAL  NERVOUS 

SYSTEM. 

The  blood-vessels  of  the  central  nervous  system  present  certain 
peculiarities  which  deserve  special  consideration. 

The  spinal  cord  receives  its  arterial  blood  mainly  through  vessels 
which  accompany  the  spinal  nerve  roots  and  through  numerous 
anastomoses  from  a  plexus  in  the  pia  mater  in   which  there  may  be 
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recognized  a  median  ventral  unpaired  line  of  anastomosis  and  along 
each  half  of  the  spinal  cord  four  other  lines  of  anastomosis.  From  the 
median  unpaired  line  of  anastomosis  some  200  to  250  branches  pass 
into  the  anterior  fissure,  each  of  which  generally  divides  into  a  right 
and  left  branch  just  in  front  of  tiie  commissure,  each  branch  being 
distributed  to  the  gray  matter  in  its  immediate  vicinity.  The  white 
matter  receives  its  blood-supply  from  vessels  of  the  plexus  in  the 
pia  mater,  from  which  numerous  fine  branches  are  given  off  which 
terminate  in  capillary  networks  and  extend  as  far  as  the  gray  matter. 
The  veins  return  the  blood  to  the  veins  of  the  pia  mater,  lol lowing 
in  the  main  the  course  of  the  arteries.  The  central  and  peripheral 
arteries  do  not  anastomose  except  through  capillaries  and  now  and 
then  precapillaries  (Adanikiewicz  and  Kadyi). 

In  the  cerebral  cortex  the  capillaries  are  particularly  numerous, 
and  arc  closely  meshed  wherever  groups  of  ganglion  cells  occur. 
In  the  medullary  substance  they  are  somewhat  less  closely  arranged, 
their  meshes  being  oblong.  In  the  cerebellum  the  arrangement  is 
analogous.  Of  all  the  layers  composing  the  cerebellum  the  granu- 
lar is  the  most  vascular;  within  it  the  capillaries  are  also  densely 
arranged  and  form  a  close  network. 

Lymphatic  vessels  with  definitive  walls  have  thus  far  not  been 
discovered  in  the  central  nervous  system.  The  blood-vessels  through 
the  central  nervous  system  are,  hi>wcver,  surrounded  by  perivascular 
spaces,  which  may  be  regarded  as  pciiorming  the  function  of  lymph- 
atic vessels. 


TECHNIC 

The  organs  of  the  central  ncrt'ous  system  are  best  fixed  in  Miiller's 
/luid,  washed  with  water,  cut  in  relJoidin,  and  stained  with  carmin.  Such 
preparations  are  suitable  for  general  topographic  work. 

Special  structures — as,  for  instance,  the  medullary  sheaths  of  the  nerve- 
fibers,  the  ganglion  cells,  the  relations  of  the  dilTerent  neurones  and  den- 
drites to  one  another,  etc. — require  different  treatment. 

The  medullary  sheath  may  l)e  demonstrated  as  follows  ( Weigert): 
Pieces  of  tissue  (spinal  cord,  for  instance),  fixed  as  usual  in  MUllcr's  or 
Erlicki's  fluid,  are  transferred  without  washing  to  alcohol,  injbedded 
in  celloidtn,  and  cut.  liefore  staining  the  sections  it  is  necessar>'  to 
subject  them  to  the  mordant  action  of  a  neutral  copper  acetate 
ftohition  (a  saturated  solution  of  the  salt  diluted  with  an  e«|ual  volume 
of  water).  The  sections  may  be  subjected  to  the  mordaiil  action  of 
this  solution,  but  the  following  [>rorcdure  is  more  convenient  :  The 
specimens,  imiiedded  in  lelloidin  and  fastened  to  a  ( ork  or  a  block 
of  wood,  are  placed  for  one  or  two  days  in  the  cop[>er  solution  just 
described.  .\i  the  expiration  of  this  time  the  pieces  of  tissue  will  have 
Ijer ome  dark,  and  ihe  surrounding  celloidin  light  green.  They  are  then 
placed  in  80^  al«  ohol,  in  which  they  may  be  preserved  for  any  length 
of  time.  The  sections  are  then  stained  in  the  following  solution  :  i  gm. 
of  hematoxylin  is  dissolved  in  10  c.c.  absolute  alcohol,- and  90  c.c.  of 
distilled  water  arc  then  added  (the  fluid  must  remain  exposed  to  the  air 
for  a  few  days)  ;  the  addition  of  an  alkali — as,  for  instance,  a  cold  salu- 
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liHi solution  of  lithium  bicarbonate  (i.  c.c.  to  100  c.c.  of  hematoxylin 
solution) — brings  out  the  staining  power  of  the  solution  at  onie.  In 
this  stain  the  sections  are  placed  (at  room -temperature)  for  a  day,  and 
then  in  a  thermostat  (40*^  C.)  for  a  few  hours.  The  sections,  now  quite 
dark,  are  washed  in  distilled  water  and  then  placed  in  the  so-called  dif- 
ferentiating fluid.  The  latter  consists  of  borax  2  gm.,  ferrocyanid  of 
potassium  2.5  gm.,  and  distilled  water  100  gm.  In  this  fluid  the  color 
of  the  sections  is  differentiated  by  virtue  of  the  circumstance  that  the 
medullary  sheath  retains  the  dark  stain,  while  the  remaining  structures, 
such  as  the  ganglion  cells,  etc.,  are  bleached  to  a  pale  yellow.  The  time 
required  for  this  differentiation  varies,  but  it  is  usually  complete  at  the  end 
of  a  few  minutes.  The  sections  are  then  washed  in  distilled  water,  dehy- 
drated in  alcohol,  cleared  in  carbol-xylol  (carbolic  acid  i  part,  xylol  3 
parts)  and  mounted  in  balsam, 

Weigert's  new  method  is  more  complicated,  but  fruitful  of  cor- 
respondingly better  results.  The  preliminar>'  treatment  remains  the  same. 
After  the  tissues  have  been  imbedded  in  celloidin  and  this  hardened  in 
80^  alcohob  they  are  transferred  to  a  mixture  cojuposed  of  efitial  parts 
of  a  cold  saturated  aqueous  solution  of  neutral  copper  acetate  and  10^ 
aqueous  solution  of  sodium  and  potassium  tartrate,  and  the  whole  is  placed 
in  the  thermostat.  Larger  pieces — as,  for  instance,  the  pons  Varolii  of 
man — may  remain  in  the  solution  longer  than  twenty-four  hours,  after 
which  time,  however,  the  mixture  must  be  changed  j  but  in  no  case  should 
the  specimens  be  permitted  to  remain  longer  than  forty-eight  hours  in 
this  solution.  The  temperature  in  the  thermostat  should  not  be  high, 
otherwise  the  specimens  will  l>ecome  brittle.  The  objects  are  now  placed 
in  a  simple  aqueous  solution  of  neutral  copper  acetate,  either  saturated 
or  half  diluted  with  water,  and  again  i>ut  in  the  oven.  They  are  then 
rinsed  in  distilled  water  and  placed  in  So^/o  alcohol ;  after  remaining 
in  this  for  one  hoiu",  they  are  in  a  condition  to  cut,  but  may  be  preserved 
still  longer  if  desired.  Cut  and  stain  in  the  customary  manner.  The 
staining  solution  is  prepared  as  follows:  (a)  lithiiun  carbonate  7  c.c.  and 
distilled  water  93  c.c.  (saturated  aqueous  solution)  ;  (/>)  hematoxylin  i 
gm.,  absolute  alcohol  to  c.c.  :  both  a  and  />  keep  for  some  time,  and  may 
be  kept  on  hand  as  stock  solutions.  Shortly  before  using,  9  jmrts  of  a 
and  1  part  of  A  are  mixed.  After  remaining  in  this  solution  for  from 
four  to  five  hours  at  room -temperature  the  sections  arc  well  stained,  but 
do  not  overstain  even  if  allowed  to  remain  in  the  solution  for  twenty-four 
hoiin;.  In  the  case  of  loose  celloidin  sections  the  use  of  the  differentiat- 
ing fluid  is  superfluous.  Hence  this  method  is  particularly  advantageous 
when  the  gray  and  the  white  matter  ran  not  be  distinguished  macro- 
scopically^.  Finally,  the  sections  are  washed  in  water,  placed  in  95% 
alcohol,  cleared  with  carbol-xylol  or  anilin-xylol  (in  the  latter  case 
carefully  washed  \vith  xylol),  and  mounted  in  xylol-balsam.  The  niedul- 
lated  fibers  appear  dark  blue  to  black,  the  background  pale  or  light 
pink,  and  the  celloidin  o<casionally  bluish.  In  order  to  remove  the  latter 
color,  it  is  only  necessar>'  to  wash  the  sections  in  0.5%  acetic  acid  in- 
stead of  ordinary  water  :  a  process,  however,  not  to  be  reconmiended 
in  the  case  of  very  delicate  preparations — as,  for  instance,  the  cerebral 
cortex.  In  applying  \\'eigert's  methods  a  certain  thitkness  of  section 
(not  exceeding  25  //)  is  essential,  since  in  thicker  sections  the  medullary 
sheaths  are  not  sharply  difl^erentiated  from  the  surrounding  tissue. 


NERVOUS    S  VST  EM. 

^■■lfified  Weigert  method,  or  Pal's  method* 
have  been  treated  according  to  W'ci- 
t«f  staining  with  hematoxylin,  they  are  placed 
s  in  a  0.25%  solution  of  potassium  per- 
fluid  a  solution  of  oxalic  acid  i  gni., 
.«ld  water  200  c.c.  is  used,  care  being  taken, 
f»  Afleientiating  fluid,  that  the  gray  matter  is 
rflUirdv  colorless)  and  the  white  matter  dark. 
•  sheaths  are  stained  blue,  while  the  rest  of 
JpffV'gv  The  staining  is  verj-  precise,  but  not  so 
f»  Hctbod.     Hence  its  adaptability   for  thicker 


IBi  «  a  wodiiication  of  the  Weigert  -Pal  methods.   The 

c  )mer*$  or  Erlicki's  fluid,  imbedded  in  celloidin, 

•J:en  subjected  to  the  action  of  the  following 

twenty-four  hours  :   liquor  ferri  ter  sulphaiis 

"S,     They  are  then  thoroughly  rinsed  in  two 

..*aw^--c  water  and  then  stained  in  the  following  hem- 

^■Bfioxylin  I  gm.,  absolute  alcohol  10  c.c.,  distilled 

»^    -  .v.,  reiiiajn  for  iweniy-four  hours.     They  are 

om  ten  to  fifteen  minutes  and  treated  with 

1  rmanganate  of  potassium  until   the  gray 

rcnliated,  after  which  they  are  rinsed  in 

-i  in  the  following  solution  until  the  gray  mat- 

:   hydric  sulphite  5  to  10  parts,  distilled  water 

s  ;ire  then  washed  in  tap -water  for  from  one  to  two 

rv3  »Titer,  dehydrated,  cleared  in  carbol -xylol,  and 

Medullar)^  sheaths  will  be  stained  a  bluish -black  ; 

xcllow.     Sections  stained  after  the  Weigert,  Pal, 

.   be  counterstained  in  Van  Gieson's  picric-acid- 

^  solution  of  acid  fuchsin,  15  parts;  saturated 

.     acid,    50  [laris ;   distilled   water,   50  parts). 

s^<  Li^ue  in  the  sections  and  degenerated  areas  stains 


irroonstrates  the  fibrillar  elements  of  the  nervous 
MasaOKiOtatcs  and  vertebrates  by  nieans  of  his  gold  method. 
rWwcd,  or  tissue  already  fixed.  In  the  first  case  thin 
m/^otd  for  at  least  two  hours  in  a  1%  solution  of  yellow 
\  dK  dark,  then  carried  over  without  washing  into  a  1 9f> 
jKSd  (sp.  gr.  I- 223).  and  finally  exposed  for  from 
tio  the  light  ( the  formic  acid  may  have  to  be  clianged). 
\,XK  best  mounted  directly  in  syrup  of  acacia  or  in  con- 
k«&MfttA  In  h*^  second  method  .\pathy  fixes  vertebrate  tissues 
^^  kouTS  in  sublimate -osmic  acid  ( i  vol.  saturated  solution 
^tgttAte  in  o-S^/c  sodium  chlorid  solution  combined  with  i 
■r  and  solution),  washes  repeatedly  in  water,  and  places  for 
m  an  aqueous  iodo-iodid  of  potassium  solution  (potassium 
lad.  iodin  o.  5  ^  )•  The  further  treatment  is  the  same  as  after  or- 
-^  ^r  sublimate  fixation.  Fi  nally,  the  specimens  are  iml>edded 
•  ih  the  aid  of  chloroform,  cut,  and  mounted  by  the  water 
"IV  whole  process,  up  to  the  point  of  imbedding  in  paraffin, 
^  .  ...  the  dark.     The  sections  are  then  passed  through  chloro- 
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fomi  and  alcohol  into  water,  where  they  are  allowed  to  remain  for  at  least 
six  hours  ;  or  they  may  be  washed  in  water^  placed  for  one  minute  in  i^ 
formic:  at  id,  again  washed  in  water,  inintersed  for  twenty-four  hours  in  a 
1^  solution  of  gold  chlorid,  rinsed  in  water,  and  finally  placed  in  a  i^ 
fom>i€  acid  solution  and  exposed  to  the  light.  For  the  latter  purpose 
glass  tubes  are  employed  in  which  the  slides  are  placed  obliquely,  with  the 
sections  downward.  A  uniform  illumination  of  the  section  with  "as 
intense  a  light  and  low  a  temperature  "  as  possible  are  conditions  indis- 
pensable to  the  attainnient  of  successful  results.  The  sections  are  then 
again  washed  in  water  and  mounted  in  glycerin  or  syrup  of  acacia,  or  in 
Canada  balsam  after  being  dehydrated.  'I'hin  membranes  are  stretched 
upon  small  frames  of  linden  i,vood  especially  prepared  for  this  purpose. 
Their  further  treatment  is  then  the  same  as  that  of  sections  fixed  to  the  slide. 
If  successful,  the  nerve-fibrils  appear  dark  violet  to  black.  The  large 
ganglia  m  the  spinal  cord  of  lophtus,  the  culf,  etc.,  are  especially  recom- 
mended as  appropriate  vertebrate  material. 

Bethe(i9oo}  has  recommended  the  following  method  for  staining 
neurofibrils  andOatj^i-nets  in  the  central  nenous system  of  vertebrates: 

The  perfectly  fresh  tissue  is  cut  in  thin  lamellae,  varying  in  thickness 
from  4  to  lo  mm.  These  are  j)Iaced  on  pieces  of  filter-paper  and 
then  in  3  to  7.5*'/  nitric  acid,  fn  which  they  remain  twenty-four  hours. 
From  the  hardening  fluid  the  pietes  of  tissue  are  transferred  into  96% 
alcohol,  where  they  remain  for  from  twelve  to  twenty- four  hours.  They 
are  then  placed  in  a  solution  of  amnion ium -alcohol, — ammonium  (sp.  gr. 
0.95  to  0.96),  1  part ;  distilled  water,  3  parts  :  96'/',  alcohol,  8  parts, — 
in  which  they  remain  for  from  twelve  to  twenty-four  houi-s.  The  temjjcr- 
ature  of  this  solution  should  not  exceed  20°  C.  'J'he  tissues  are  then 
placed  for  from  six  to  twelve  hours  in  96*/^  alcohol,  and  ne.xt  in  a  hydro- 
chloric acid-alcohol  solution, — concentrated  hydrochloric  acid  (sp.  gr. 
1. 1 8 — 2i1%  ••  ^  P^rt  \  di.sti  lied  water,  3  parts;  and  96  ^r  alcohol,  8  to  12 
parts, — in  which  they  remain  for  several  hours.  The  temperature  of  this 
solution  should  not  exceed  20°  C.  The  tissues  are  then  again  placed  in 
96^  alcohol  for  from  ten  to  twenty-four  hours,  and  next  in  distilled  water 
for  from  two  to  six  hours.  The  tissues  are  now  placed  for  twenly-four 
hours  in  a  47*  a(iueous  solution  of  ammonium  molybdatc.  fThis  solution 
should  be  kept  at  a  temperature  varying  from  lo*'  to  15°  C,  if  it  is  de- 
sired to  stain  the  neurofibrils  ;  or  at  a  temperature  varying  from  10°  to 
30°  C,  if  it  is  desired  to  bring  out  the  (Jolgi-nets.  )  After  the  ammo- 
nium molybdatc  treatment,  the  tissues  are  rinsed  in  distilled  water,  placed 
in  96^;  akohol  for  from  ten  to  twenty- four  hours,  then  in  absolute  alco- 
hol for  a  like  period,  cleared  in  xylol  or  toluol,  and  imbedded  in  par- 
affin. Sections  having  a  thickness  of  to  //  are  now  cut  and  fixed  to  slides 
with  Mayer's  albumin-glycerin.  Since  the  various  solutions  used  in  the 
fixation  and  further  treatment  of  the  tissues  do  not  act  with  the  same  in- 
tensity on  all  pans  of  the  piece  of  tissue  to  be  studied,  and  since  the  differ- 
entiation and  staining  de]»end  on  a  relative  proportion  (not  yet  fully  de- 
termined) of  the  mordant  (ammonium  molybdate)  and  the  stain  in  a 
given  section,  it  is  advised  by  Belhe  to  cut  large  numbers  of  sections  and 
fix  to  each  slide  aliout  three  sections  from  different  |)arts  of  the  series. 
After  fixation  of  the  sections  to  the  slide  the  paraffin  is  removed  with 
xylol  ;  and  they  are  then  carried  through  absolute  alcohol  into  distilled 
water,  in  which,  however,  the  sections  remain  only  long  enough  to  re- 


444 


THE   CENTRAL    NERVOUS   SYSTEM. 


.nove  the  alcohol.  The  slides  (with  the  sections  fixed  to  thcra )  are  then 
taken  from  the  water  and  rinsed  with  distilled  water  from  a  water-botllc. 
The  slide  is  then  wiped  dry  on  its  under  surface  and  edges  with  a  clean 
cloth,  and  about  i  c.c.  to  1.5  c.c.  of  distilled  water  placed  on  the  slide 
over  the  sections.  The  slides  are  now  placed  in  a  warm  oven  with  a  tem- 
[)erature  of  55**  C.  to  60°  C.  for  a  period  of  time  varying  from  two  to 
ten  minutes.  No  definite  time  can  here  be  given  ;  sections  from  each 
block  of  tissue  need  to  be  tested  until  the  right  stay  in  the  warm  oven  is 
ascertained.  The  slides  are  then  taken  from  the  warm  oven  and  rinsed 
two  or  three  times  in  distilled  water  and  again  dried  as  previously 
directed.  They  are  then  covered  with  the  following  staining  solution 
and  again  placed  in  the  warm  oven  for  about  ten  minutes  :  toluidin-blue, 
I  part  ;  distilled  water,  3000  parts.  The  stain  is  washed  oft"  with  dis- 
tilled water  and  the  sections  are  placed  in  96 'J^  aUohol  until  no  more 
stain  is  given  off — usually  for  from  ihrcc-fourths  to  two  minutes.  They 
are  then  dehydrated  in  absolute  alcohol,  passed  through  xylol  twice,  and 
mounted  in  xylol  balsaixi.  For  a  fuller  discussion  of  this  method  the 
reader  is  referred  to  Ikthe's  account  in  '*  Zeitsch.  f.  Wissensch.  Mikrosk.," 
vol.  XVII,  1900. 

For  staining  neuroj^lia  Weigert  (95)  has  recommended  a 
method,  from  which  we  give  the  following  :  A  solution  is  made  consisting 
of  57f  neutral  acetate  of  topper,  5*'^  ordinary  acetic  acid,  and  2.59^ 
chrome-alum  in  water.  The  chrome-alum  and  water  are  first  boiled 
together,  the  acetic  acid  then  added,  and  finally  the  finely  pulverized 
neutral  copper  acetate,  after  which  the  mi.xture  is  thoroughly  stirred  and 
allowed  to  cool.  To  this  solution  10^  formalin  may  be  added.  Objects 
not  over  0.5  cm.  in  diameter  are  placed  in  this  fluid  for  eight  days,  the 
mixture  being  changed  at  the  end  of  a  few  days.  By  this  means  the 
pieces  of  tissue  are  at  the  same  time  fixed  and  prepared  for  subsequent 
staining  by  the  action  of  the  mordant.  If  separation  of  the  two  processes 
be  desired,  the  specimens  are  fixed  for  about  four  days  in  a  lo^r  formalin 
solution  (which  is  changed  in  a  few  days),  and  then  placed  in  the 
chrome-alum  mixture  without  the  addition  of  formalin.  Specimens  thus 
fixed  may  be  preserved  for  years  without  disadvantage,  and  may  then  be 
subjected  to  further  treatment  by  other  methods,  fJolgi's  for  iastance. 
Washing  with  water,  dehydration  in  alcohol,  and  imbedding  in  celloidin 
are  the  next  steps.  The  sections  are  then  placed  for  about  ten  minutes 
in  a  0.35^,  solution  of  potassium  permanganate,  washed  by  I'ouring  water 
over  them,  and  placed  in  the  reducing  fluid  (5'J^  chromogcn  and  5^ 
formic  acid  of  a  .specific  gravity  of  120;  then  filter  carefully,  and 
add  10  c.c.  of  a  10^  solution  of  sodium  sulphite  to  90  c.c.  of  the  fluid). 
'I'he  sections,  rendered  brown  by  the  potassium  pemianganaie,  readily 
decolorize  in  a  few  minutes,  but  it  is  heller  to  leave  them  for  from  two  to 
four  hours  in  the  solution.  If  it  be  desirable  to  decolorize  entirely  the 
connective  tissue,  no  further  steps  need  be  taken  preliminarj'  to  staining ; 
if  not,  the  reducing  fluid  is  poured  otT  and  the  sections  are  rinsed  twice 
in  water  an<l  then  placed  in  an  ordinary  saturated  solution  of  chromogen 
(5%  chromogen  in  distilled  water,  carefully  filtered).  The  sections  are 
left  in  this  solution  overnight,  and  the  longer  they  remain  in  it,  the  more 
marked  will  be  the  contrast,  as  far  as  stain  is  concerned,  betw^een  the  con- 
nective and  nervous  tissues  ;  then  water  is  again  twice  poured  upon  the 
sections  and   they  arc  ready  for  staining.     This  process  consists  in  a 
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modified  fibrin  stain  {vi<i.  Technic).  The  iodo-iodid  of  potassium  solu- 
tion is  the  same  (saturated  solution  of  iodin  ina  59J7  iodid  of  potassium 
solution).  Instead  of  the  customary  gentian-violet  solution,  a  hot  satu- 
rated a!coholi€  ( 70%  to  8o'/r  alcohol )  solution  of  methyl-violet  is  made, 
and,  after  cooling,  the  clear  y)ortion  decanted  off;  to  everj'^  100  c.c.  of 
this  fluid  5  c.r.  of  a  5'/^.  aiiueous  solution  of  oxalic  acid  is  added.  The 
staining  lakes  place  in  a  verj'  short  time.  The  sections  are  then  rinsed 
and  normal  salt  solution  and  the  iodo-iodid  of  potassium  solution  poured 
over  them  (5%.  iodid  of  potassium  solution  saturated  with  iodin),  and 
washed  off  with  water  and  dried  with  filter-paper  and  decolorized  in  the 
anilin  oil-xylol  solution  in  the  projjortion  of  1:1.  The  reactions  are 
rapid,  and  the  thickness  of  the  section  should  not  exceed  20  //.  This 
method  is  best  adapted  to  the  central  nervous  system  of  the  human  adult  ; 
it  has  as  yet  not  been  sufficiently  tested  for  other  vertebrates. 

Mallory' s  SiUctive  Nfuro^iia  Fider-Staimn)^  Methods. — Fix  tissues  in 
io<fc  formalin  four  days  ;  place  in  .saturated  aqueous  solution  of  picric 
acid  four  days  j  place  in  5^  aqueous  solution  of  ammonium  bichromate 
four  to  six  days  in  warm  oven  at  ;^^°  C;  dehydrate  and  imbed  in  cell- 
oidin  ;  sections  may  be  stained  in  Weigert's  fibrin  stain  and  differenti- 
ated with  equal  parts  of  anilin  oil  and  xylol,  or  they  may  be  treated  as 
follows:  Place  sections  in  0.5%,  aqueous  solution  of  permanganate  of 
potassium  twenty  minutes ;  wash  in  distilled  water  one  to  three  minutes ; 
place  in  i  ^,  aqueous  solution  of  oxalic  acid  thirty  minutes  ;  wash  in  dis- 
tilled water;  stain  in  ])hosphotungsiir-acid-hematoxylin  solution  {hemat- 
oxylin ig. ,  distilled  water  80  c.c,  10'/*^  a(jueous  solution  of  phosphoUmg- 
stic  acid  [Merk]  >  20  c.c,  [>eroxid  of  hydrogen  [U.S. P.],  2  cc  )  for 
twelve  to  twenty-four  hours  ;  rinse  in  distilled  water  and  place  for  five  to 
twenty  minutes  in  an  alcoholic  solution  of  ferric  chlorid  (ferric  chlond  30 
g.,  30%  alcohol  100  cc.)  ;  rinse  in  distilled  water  and  dehydrate  quickly, 
clear  in  oil  of  bergamot,  and  mount  in  xylobbalsam. 

Bendas  SeUctive  iVruroir/ia  Sfainint^  Method. — Benda  has  for  some 
years  con«  erned  himself  with  perfe<:ting  selective  staining  methods  for 
differentiating  certain  constituents  of  the  protoplasm  of  cells,  and  has 
recently  published  a  numl>er  of  staining  methods,  by  all  of  which  neuroglia 
fibers  may  Ijc  nmre  or  less  successfully  differentiated.  According  to  him, 
certain  hematoxylin  solutions,  used  after  proper  fixation  and  mordanting 
of  the  tissues,  may  be  used  for  neuroglia  stains;  also  hematoxylin  staining, 
followed  by  staining  with  an  acid-anilin  water  crystal  violet  solution. 
These  will  not  be  considered  here.  \\'e  wish,  however,  to  call  especial  atten- 
tion to  the  following  method  for  staining  neuroglia  tissue,  suggested  by 
Benda,  since  it  has  certain  advantages  not  possessed  by  other  selective  neu- 
roglia stains.  Fix  small  pieces  of  tissue  in  10^  formalin;  place  in 
Weigert's  chrome-alum  solution  \  formula  given  above),  four  days  in  warm 
oven  at  38*^0.;  wash  in  water  twenty-four  hours;  dehydrate  in  graded 
alcohols  ;  imbed  in  paraffin  :  cut  thin  sections  and  fix  these  to  slides  with 
the  albumin -glycerin  fi.xative  ;  remove  paraffin  and  place  sections  in  mor- 
dant consisting  of  a  4^1  aqueous  solution  of  ferric  alum  ;  rinse  thoroughly 
in  two  tap  waters  and  one  distilled  water ;  place  in  a  sodium  sulphali/,- 
arate  solution  (add  to  distilled  water  a  sufficient  quantity  of  a  saturated 
solution  of  sodium  sulphalizarate  in  7o7r  alcohol  to  give  it  a  sulphur-yellow 
color)  twenty-four  hours;  rinse  in  distilled  water;  stain  for  fifteen  min- 
utes in  a  o.  I  ti{,  aqueous  solution  toluidio  blue,  which  should  be  heated  after 
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the  sections  are  in  the  slain  until  the  solution  steams  ;  allow  the  stain  to 
cool  ;  rinse  in  distilled  water;  wash  in  a  i^/  aqueous  solution  of  glacial 
acetic  acid  for  a  few  seconds  or  in  acid  alcohol  (six  drops  of  hydrochloric 
acid  ;  709J/  alcohol  100  c.c.  )  for  a  few  seconds  :  dry  sections  with  filter- 
paper  ;  dip  sections  a  few  tinges  in  absolute  alcohol  ;  differentiate  in  cre- 
osote, ten  minutes  to  an  hour — control  now  and  then  under  the  micro- 
scope ;  wash  in  several  xylols  and  motmt  in  xylol -Italsam.  Neuroglia  fibers 
blue,  chromatin  of  neuroglia  cell  nuclei  a  purplish  blue,  protoplasm  of 
neuroglia  cells  brownish  red  to  bluish  red. 


VIII.  THE    EYE, 

A-  GENEEiAL  STRUCTURE. 

The  organ  of  vision  consists  of  the  eyeball,  or  bulbus  oculi, 
and  the  enterinj^  Optic  nerve. 

In  the  eyeball  we  distinguish  three  tunics  :  (l)  a  dense  external 
coat,  the  tunica  fibrosa  or  externa,  which  may  be  regarded  as  a 
continuation  of  the  dura  mater,  con.sisting  of  an  anterior  transparent 
structure,  called  the  tor  ma,  and  the  remaining  portion,  known  as 
the  tumca  sclerotica,  or,  briefly,  the  sclera:  {2)  within  the  tunica 
fibrosa  a  vascular  tunic,  the  tunica  vasculosa  or  media,  subdivided 
into  the  choroid,  ciliary  body,  and  iris  ;  (3)  an  inner  coat,  the  tunica 
interna*  which  consists  of  two  layers,  the  inner  being  the  rctma ; 
the  outer,  the  pigmettt  membrane.  The  latter  lines  the  internal 
surface  of  the  tunica  vasculosa  throughout.  Within  the  eyebalJ 
arc  the  aqueous  humor,  the  lens,  and  tlie  vitreous  body.  The  lens  is 
attached  to  the  ciliary  body  by  a  .special  accessory  apparatus — tJie 
zonula  ciliaris.  These  two  structures — the  lens  and  its  fixation 
apparatus — divide  the  cavity  of  the  eyeball  into  two  principal  cham- 
bers, the  one  containing  the  aqueous  iumior  and  the  other  the 
vitreous.  The  former  is  further  subdivided  by  the  iris  into  an 
anterior  and  a  posterior  chamber.  During  life  the  latter  is  only  a 
narrow  capillary  cleft. 


B.  DEVELOPMENT  OF  THE  EYE. 

In  man  the  e\es  begin  to  develop  during  the  fourth  week  of 
embryonic  life,  and  at  first  consi«»t  of  a  pair  of  ventrolateral  diver- 
ticula, projecting  from  the  anterior  brain  vesicle.  These  evaginations 
gradually  push  outward  toward  the  ectoderm,  and  are  then  known 
as  the  primary  optic  vesicles.  The  slender  commissural  segments 
connecting  the  vesicles  with  the  developmg  brain  are  termed  the 
optic  stalks. 

Very  soon  a  process  of  invagination  takes  place  ;  that  portion 
of  the  vesicular  wall  nearest  the  ectoderm  is  pushed  inward,  thus 
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forming  a  double- walled  cup — the  secondary  optic  vesicle,  or  optic 
cup.  An  internal  and  an  external  wall  may  now  be  diflferentiated, 
continuous  at  the  margin  of  the  cup.  At  the  same  time  a  disc-like 
thickening  of  the  adjacent  ectoderm  sinks  inward  toward  the  mouth 
of  the  cup-shaped  optic  vesicle,  forming  the  first  trace  of  the  lens. 
During  the  development  of  the  secondary  optic  vesicle  a  groove 
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is  formed  on  its  ventral  side,  extending  from  the  marginal  ring  into 
the  optic  stalk.  This  is  the  embryonic  optic  fissure,  or  the  choroi- 
dal Jissiirc.  At  the  edges  of  the  groove  the  two  layers  of  the  optic 
cup  are  continuous.  This  groove  serves  for  the  penetration  of 
mesoblaslic  tissue  and  blood-vessels  into  the  interior  of  the  optic 
cup,  and  in  its  wall  the  fibers  of  the  optic  nerve  develop. 

The  outer  layer  of  the  secondary  optic  vesicle  becomes  \\i^  pig- 
ment ffieiubranf  ;  the  inner,  the  retina.  The  optic  nerve-fibers  con- 
sist not  only  of  the  centripetal  neuraxes  of  certain  ganglion  cells  in 
the  retina,  but  also  of  centrifugal  neuraxes,  which  pass  out  from 
the  brain  (Froriep). 

The  invaginating  ectoderm  which  later  constitutes  the  lens  is 
constricted  off  from  the  remaining  ectoderm  in  the  shape  of  a  vesi- 
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half  of  the  canal-wall,  anil  presents  a  corresponding  circular  sulcus, 
the  so-called  inner  scleral  sulcus. 

The  blood-vessels  of  the  sclera  are  derived  from  the  anterior  and 
posterior  ciliary^  vessels.  The  capillaries  enter  either  into  the  ciliary 
veins  or  into  the  venx  vorticosa;.  The  numerous  remaining  vessels 
traverse  the  sclera.  cxtendinLj  to  the  choroid,  iris,  or  scleral  margin. 
At  the  corneal  margin  the  capillaries  form  loops. 
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Z  THE  CORNEA. 

The  cornea  is  made  up  of  the  following  layers;  (i)  the  ante- 
rior or  corneal  epithelium  ;  (2)  the   anterior  elastic  membrane,   or 
Bowman's  membrane  ;  (3)  the  ground-substance  of  the  cornea,  or 
substantia  propria  ;  (4)  Des- 
cemet's   membrane;   (5)  the 
endothelium   of   Descemet's 
membrane. 

At  the  center  of  the 
human  cornea  the  epithe- 
lium consists  of  from  six  to 
ei<^ht  layers  of  cells,  being 
somewhat  thicker  near  the 
corneal  margin.  Its  basilar 
surface  is  smooth  and  there 
are  no  connective-tissue  pa- 
pillae The  basal  epithelial 
la\'er  is  composed  of  cylin- 
dric  cells  of  irregular  height ; 
the  following  layers  contain 
irregular  polygonal  cells, 
while  the  two  or  three  most 
superficial  layers  consist  of 

flattened  cells.  The  cells  of  the  corneal  epithelium  are  all  provided 
with  short  prickles,  which  are,  however;  very  difficult  to  demon- 
strate, and  between  are  found  lymph-canaliculi.  The  lower  surfaces 
of  the  basal  cells  also  possess  short  processes  which  penetrate  into 
the  anterior  basement  membrane. 

In  man  the  anterior  elastic  or  Bowman's  membrane  is  quite 
thick,  measuring  from  6  to  S  «  in  thickness  and  is  apparently  homo- 
geneous, but  may  be  separated  into  fibrils  by  means  of  certain 
reagents.  !n  structure  it  belongs  neither  to  the  elastic  nor  to  the 
white  fibrotis  type  of  connective  tissue,  and  may  be  regarded  as  a 
basement  membrane.  Numerous  nerve-fibers  penetrate  its  pores  to 
enter  the  epithelium.  The  thickness  of  this  membrane  decreases 
toward  the  sclera,  and  it  finally  disappears  about  1  mm.  from  the 
latter. 

The  substantia  propria  consists  of  connective- tissue  fibrils 
grouped  into  bundles  and  lamella.      Chemically  they  do   not  diflTer 
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from  true  connective-tissue  fibers  (Morochovvetz)»  but  are  doubly 
refracting,  akhough  the  cornea  as  a  whole  yields  chondrin  and  not 
glutin  on  boiling.  Therx,'  are  about  sixt>'  lamella;  in  the  human 
cornea.  The  fibrils  composing  each  lamella  are  cemented  together 
and  run  parallel  to  one  another  as  well  as  to  the  surface  of  the 
cornea,  but  they  are  so  arranged  that  the  fibrils  of  each  lamella 
cross  those  of  the  immediately  preceding  one  at  an  angle  of  about 
twelve  degrees.  The  lamellae  themselves  are  likewise  closely 
cemented  to  one  another.  The  most  superficial  lamella,  lying  im- 
mediately beneath  the  anterior  elastic  membrane,  is  composed  of 
finer  fibers,  the  course  of  which  is  oblique  to  the  surface  of  tlie 
cornea.  Between  the  anterior  and  posterior  elastic  membranes  are 
bundles  of  fibers,  which  perforate  the  various  lamella;  of  tlie  cornea 
and  are  consequenlly  known  as  the  perforating  or  arcuate  fibers. 
Between   the    lamellae  are    peculiar,  flattened   cells,  possessing 
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Fig.  354. — Corneal  spaces  of  a  dog  ;  X  ^o. 


irregular  or  lamella-like  processes,  the  fixed  corneal  corpuscles ; 

these  lie  in  special  cavities  in  the  ground  substance  of  the  substantia 
propria,  which  are  known  as  corneal  spaces.  In  these  spaces  tlierc 
are  also  found  a  varying  number  of  leucocytes.  By  means  of  vari- 
ous methods  {silver  nitrate  and  gold  chlorid  treatment),  these  corneal 
spaces  may  be  shown  to  be  p;^rt  of  a  complicated  lymphatic  system, 
comparable  to  the  lymph-canalicular  .system  of  fibrous  connective 
tissue.  This  system  of  canals  is  also  in  communication  with  the 
lymph-channels  at  the  corneal  margin. 

The  posterior  elastic  or  Descemet*s  membrane  is  not  so  inti- 
mately connected  with  the  substantia  propria  as  Bowman's  mem- 
brane. It  is  thinnest  at  the  center  of  the  cornea,  and  becomes 
thicker  toward  the  margin.  It  may  be  separated  into  finer  lamella?, 
is  very  elastic,  resists  acids  and  alkalies,  but  is  digested  by  trypsin. 
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At  the  periphery — tliat  is,  at  the  edge  of  the  cornea — Descemet's 
membrane  goes  over  into  the  fibers  of  the  hgamentum  pectinatum. 

The  endothelium  of  Descemet's  membrane  consists  of  low,  quite 
regular  hexagonal  cells,  which  in  certain  vertebrates  (dove,  duck, 
rabbit)  are  peculiar  in  that  a  fibrillar  structure  may  be  seen  in  that 
portion  of  each  cell  nearest  the  posterior  elastic  membrane.  Hy 
means  of  these  fibers,  not  only  adjacent  cells,  but  also  those  further 
apart,  are  joined  together.  Thus  we  have  here  to  a  marked  degree 
the  formation  of  fibers  which  penetrate  the  cells  and  connect  them 
with  one  another,  conditions  already  met  witii  in  the  prickle-cells 
of  the  epidermis. 

The  cornea  is  nonvascular.  In  fetal  life,  however,  the  capil- 
laries from  the  anterior  ciliar).'  arteries  form  a  precorneal  vascular 
network  immediately  bcneatli  the  epithelium,  a  structure  which  is 
obliterated  shortly  before  birth  and  only  rarely  seen  in  the  new- 
born. Its  remains  arc  found  at  the  corneal  limbus  either  as  an 
epi.scleral  or  conjunctival  network  of  marginal  capillary  loops.  Fine 
branches  of  the  anterior  ciliary  arteries  extend  superficially  along 
the  sclera  to  the  corneal  margin,  and  form  here  a  network  of  capil- 
laries also  ending  in  loops,  from  which  numerous  veins  arise,  con- 
stituting a  corresponding  network  emptying  into  the  anterior  ciliary 
veins.  The  conjunctival  vessels  likewise  form  a  network  of  mar- 
ginal loops  at  the  corneal  limbus,  and  are  connected  with  the  epi- 
scleral vessels  (Leber).  Under  pathologic  conditions  the  cornea 
may  become  vascularized  from  the  marginal  episcleral  network. 

The  nerves  of  the  cornea  are  derived  from  the  sensory  fibers  of 
the  ciliary  nerves,  which  form  a  plexus  at  the  corneal  margin  ;  from 
this,  nonmedu Hated  fibers  penetrate  the  cornea  itself  and  form  two 
plexuses,  a  superjicial  and  a  ground  phwus ;  the  latter  is  distributed 
throughout  the  whole  substantia  propria  with  the  exception  of  its 
inner  third  {Ranvier,  81).  The  two  plexu.ses  are  connected  by 
numerous  anastomoses.  At  one  time  it  was  supposed  that  direct 
communication  existed  between  the  corneal  corpuscles  and  the  nerve- 
fibers  of  both  plexuses.  This  view,  liowcvcr,  contradicts  the  gen- 
erally accepted  neurone  theory. 

Nerve-fibers  from  the  superficial  plexus  pass  through  the  ante- 
rior elastic  membrane  and  form  a  plexus  over  the  posterior  surface 
of  the  epithelium,  known  as  the  SHbepUkdial  plexus.  From  the  lat- 
ter nerve-fibers  extend  between  the  epithelial  cells,  terminating  in 
telodendria  with  long  slender  nerve-fibrils,  which  end  in  small 
nodules.  Many  of  the  fibrils  reach  almost  to  the  surface  of  the 
epithelium  (Rollet,  71 ;   Ranvier,  81  ;   Dogiel,  90). 

Smirnow  (1900)  has  described  a  rich  ner\'e-supply  for  the  sclera, 
consisting  of  both  mcduliated  sensory  fibers  and  nonmedu  Hated 
sympathetic  fibers,  derived  mainly  from  the  ciliary  nerves.  The 
sympathetic  fibers  supply  the  blood-vessels;  the  sensory  fibers  ter- 
minate in  free  endings  between  the  connective-tissue  lamellae. 


TUNIC  OF  THE  EYE, 

,  THK  (XIARY  BODY,  AND  THE  IRIS. 

:  ttn—fyt  tf)c  Mllow^ng  layers  may  be  difTerentiated 
■ic  .\xmiMa  suprachoroidca  ;  (2)  tlie  lamina  vas- 
:'j  ^amxjta  choriocapillaris  ;  and  (4)  the  glassy 

H^ndiaiiiidea  consists  of  a  number  of  loosely 
and  anastomosing  bundles  and  lamellae  of 
dbrctly  to  the  sclera.  These  bundles  and 
^jfciig^  <3f  vkifc  fibrous  connective  tissue  containing  numer- 
vX!k  -s^fe^fl^  which  a  few  connective-tissue  cells  are  dis- 
^MBM  celts  are  also  present  in  var>'ing  numbers.  The 
iMMHbt  w  covered  by  endotiielial  cells,  and  the  spaces 
oM^  WfrWJf  dkera.  And  between  tlie  lamina  suprachoroidea 
:4W  ^^MflO^  tescx  constitute  a  system  of  lymph -channels — the 
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^^-  'iS>S> — ^^-tiou  throu({)i  the  human  choroid  ;    ■    130. 


The  iMMlna  vasculosa  of  the  choroid  is  also  composed  of  simi* 
l.ii  Koiv*'  '  n  b«n\ ever,  arc  more  closely  arranged.  The  blood- 
^v>.^s^  the  prmcipa!  portion   of  this  layer,   the  vessels 

Is  ^i>  U)lc  caliber,  not  capillaries.      They  are  so  dis^lrib- 

uu^i  i     -   -  -^'^r  vessels,  tiie  veins,  occupy  tlie  outer  layer  of 

the  L\mina  vascuIckku     The  venous  vessels  converge  toward  four 
'    'V  formint^  at  the  center  of  each  quadrant  one 
.v<r.    The  arteries,  on  the  other  hand,  describe 
«  im>rv  mcntimnal  c\»ursc. 
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In  the  inner  portion  of  this  layer  is  found  a  narrow  zone. — in 
the  human  eye  only  about  lO  fi  in  thickness. — consisting  largely 
of  elastic  fibers  and  free  from  pignit:nt  cells,  known  as  the  boundary 
aoni\  This  zone  is  somewhat  thicker  in  many  mammals,  and  in 
some  of  these  presents  a  characteristic  structure.  In  the  eyes  of 
ruminants  and  horses  this  zone  consists  of  several  layers  of  con- 
nective-tissue bundles,  and  is  known  as  the  tapetum  fibrosum.  It 
gives  the  peculiar  luster  often  seen  in  the  eyes  of  these  animals.  In 
the  eyes  of  carnivcua  this  zone  consists  of  several  layers  of  cndothe- 
lioid  cells,  containing  in  their  protoplasm  numerous  small  crystals 
and  forming  the  irid»scent  layer  known  as  the  tapetum  ccUulosum. 

The  lamina  choriocapiUaris  contains  no  pigment  and  consists 
principally  of  capillary  vessels,  which  form  an  especially  dense  net- 
work in  the  neighborhood  of  the  macula  hitea.  As  the  venous  cap- 
illaries become  confluent  and  form  smaller  veins,  the  latter  arrange 
themselves  in  long,  radially  directed  networks,  and  form  in  this  way 
the  more  or  less  pronounced  stcltulcc  nuctdosce  (Winslowii). 

The  vitreous  or  £^lassy  membrane  is  a  very  thin  (2  /i)  homo- 
geneous membrane  which  shows  on  its  outer  surface  the  impressions 
of  the  vessels  composing  the  lamina  choriocapiUaris,  and  on  its 
inner  surface  those  of  the  pigment  epithelium  of  the  retina. 

At  the  ora  .serrata  the  choroid  changes  in  character ;  from  this 
region  forward,  the  choroidal  tissue  assumes  more  the  appearance  of 
ordinary  connective  tissue,  and  tlie  choriocapillary  layer  is  wanting. 

The  region  of  the  vascular  coat  extending  from  the  ora  serrata 
to  the  base  of  the  iris  is  known  as  the  ciliary  body.  Its  posterior 
portion,  about  4  mm,  broad,  the  orbkidus  ciliaris,  is  sliglitly  thicker 
than  the  choroid,  and  presents  on  its  inner  surface  numerous  small 
folds,  meridionalK'  placed,  consisting  of  connective  tissue  and  blood- 
vessels. Anterior  to  the  orbiculus  ciliaris  the  ciliary  body  is  thick- 
ened by  a  development  of  nonstriated  muscle— the  cili&ry  muscle 
(see  below) ;  and  on  the  inner  surface  of  this  annular  thickening  are 
placed  about  seventy  triangular  folds,  meridional ly  arranged — the 
ciliary  processes.  The  attached  border  of  these  processes  measures 
from  2  to  3  mm.  The  anterior  border  attains  a  height  of  about 
I  mm.  On  and  between  these  folds  are  found  numerous  small 
secondary  folds  or  processes  of  irregular  shape.  The  ciliary  pro- 
cesses consist  of  fibrous  connective  tissue  and  numerous  smaller 
and  larger  vessels,  which  have  in  the  main  a  meridional  arrange- 
ment The  vitreous  membrane  extends  over  the  ciliary  body,  attain- 
ing in  the  region  of  the  ciliary  processes  a  thickness  of  3  /i  or  4  /i. 
Internal  to  the  vitreous  membrane,  the  ciliary  body  is  covered  by 
a  double  layer  of  epithelial  cells,  the  continuation  forward  of  the 
retina  {pars  ciliaris  retime).  Of  these,  the  outer  layer  is  composed 
of  cells,  which  are  deeply  pigmented,  and  are  of  cubic  or  short 
columnar  shape,  and  derived  from  the  outer  layer  of  the  secondary 
optic  vesicle,  while  the  cells  of  the  inner  layer  are  nonpigmentcd 
and  of  columnar  shape,  and  are  developed  from  the  inner  layer  of 
the  secondary  optic  vesicle.      In  tlie  region  of  the  ciliary  processes 
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their  epithelial  lining  presents  here  and  there  evaginations  of  glan- 
dular appearance,  lined  by  the  unpigmcnted  cells.  These  evagina- 
tions are  known  as  ciliary  jclands,  and  to  them  is  attributed — in 
part,  at  least — the  secretion  of  the  fluid  found  in  the  anterior  cham- 
ber of  the  eye  ;  it  is,  however,  .still  a  question  as  to  whether  tliese 
structures  are  to  be  regarded  as  true  glands  or  simply  as  depressions 
or  crypts  in  the  epithelium. 

The  ciliary  muscle  is  bounded  anteriorly  (toward  the  anterior 
chamber)  by  the  ligamcntum  pectinatum  iridis,  externally  by  the 
cornea  and  sclera,  posteriorly  by  the  orbiculus  ciliaris,  and  inter- 
nally by  the  ciliar\'  processes.  It  consists  of  nonstriated  muscle- 
fibers  in  the  majority  of  vertebrates.  This  muscle  is  divided  into 
three  portions.  The  outer  or  meridional  division  extends  from  the 
posterior  elastic  lamina  of  the  cornea  and  its  continuation,  forming 
the  inner  wall  of  the  sinus  veno.sus  sclera;,  to  tlie  posterior  portion 
of  the  ciliary  ring.   The  origin  of  the  middle  division  is  identical  with 
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Fig.  356. — Meridional  section  of  ihe  human  ciliary  body  ;  X  20. 

that  of  the  outer,  but  its  fibers  (assuming  that  we  have  before  us  a 
meridional  section)  spread  out  like  a  fan,  and  occupy  a  large  area 
at  their  insertion  into  the  ciliary  ring  and  ciliary  processes.  The 
radial  course  of  these  fibers  is  interrupted  by  circular  bundles.  The 
third  or  inner  division  [Jibrte  circulares,  fibers  of  Miiller)  is  situated 
between  the  ligamentum  pectinatum,  the  ciliary  processes,  and  the 
middle  portion  of  the  muscle  just  mentioned,  and  is  thus  near  the 
base  of  the  iris. 

Between  the  ciliary  muscle  and  the  po.sterior  elastic  membrane 
of  the  cornea  is  an  intermediate,  richly  cellular  ti.ssue,  which  may  t)e 
regarded  as  a  continuation  of  this  elastic  membrane,  and  which 
forms  a  part  of  the  wall  of  the  sinus  venosus.  Another  structure 
internal  to  the  foregoing  and  directed  posteriorly  is  the  liji^atncntum 
J^ectinatum  iritlis,  wliich  encircles  the  anterior  chamber  and  is  a  con- 
tinuation of  Descemct's  membrane  to  the  base  of  the  iris.      It  con- 
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sists  of  fibers  and  lamcll-c  lined  by  endothelial  cells,  and  bounds 
certain  interconiniunicating  spaces  ]\'iog  in  the  ligament,  known  as 
the  spaces  of  Fontana.  The  latter  communicate  on  the  one  side 
with  the  perivascular  spaces  of  the  sinus  venosus  sclerae  (canal  of 
Schlemni),  and  on  the  other  with  the  anterior  chamber. 

The  iris  must  be  luokcd  upon  as  a  continuation  of  the  choroid, 
and  is  connected  at  its  anterior  perijiheral  portion  with  the  ligatnen- 
tum  pectinatum.  The  iris  possesses  tiie  followin;^  lav'ers,  beginninjj 
anteriorly:  (l)  the  anterior  endothelium;  (2)  the  ground  layer,  or 
stroma  of  iris,  together  with  the  spliincter  muscle  of  the  pupil;  and 
(3)  tiic  two-layered,  pigmented  epithelium — the  pars  iridica  retina;, 
of  which  the  anterior  is  in  part  replaced  by  a  peculiar  muscle  tissue, 
developed  from  the  ectoderm  and  forming  the  dilator  of  the  pupil. 

The  anterior  endothelium  is  a  single  layer  of  irregularly  polyg- 
onal, nonpigmented  cells,  and  is  directly  continuous  with  the 
endothelium  of  the  pectinate  ligament. 

The  ground-layer  or  stroma  of  iris  consists  anteriorly  of  a  fine 
reticulate  tissue  rich  in  cellular  elements  (reticulate  layerj.  '1  he 
remaining  strata  which  form  the  bulk  of  the  ground-layer  consti- 
tute its  vascular  layer.  The  vessels  are  here  peculiar  in  that  they 
are  covered  by  coarse,  circular,  connective-tissue  fibers  forming  vas- 
cular sheaths.  There  is  also  an  entire  absence  of  muscular  tissue 
in  the  vessel  walls.  The  nerves,  too,  arc  enveloped  by  a  dense  con- 
nective tissue.  In  all  eyes  (except  the  albinutic)  pigment  is  found 
in  the  connectt\'e  tissue. 

On  the  posterior  inner  surface  of  the  ground-layer  is  a  band  of 
smooth  muscle-fibers  encircling  tlie  pupil — the  sphincter  muscU  of 
tJu  pupil.  Posterior  to  this  and  in  intimate  relation  with  the  layer 
of  pigmented  epithelium  covering  the  posterior  surface  of  the  iris  is  a 
layer  of  spintlle -shaped  cells  having  a  radial  arrangement  and  contain- 
ing pigment.  Closer  microscopic  insp>ection  reveals  the  fact  that  in  all 
probability  these  elements  represent  muscular  tissue.  Here,  there- 
fore, we  have  to  deal  with  a  dilator  muscle  of  the  pupil.  There  has 
been  much  discussion  as  to  the  existence  and  structure  of  this  muscle. 
Recent  investigations  (Szili)  indicate  that  it  is  developed  from  the  outer 
layer  of  the  secondary  optic  vesicle. 

The  posterior  epithelium  is  the  direct  continuation  of  the  two 
epithelial  layers  of  the  ciliary  bod\\  and  represents  the  anterior  por- 
tion of  the  secondary  optic  vesicle,  the  two  layers  being  continuous 
at  the  margin  of  the  pupil.  In  the  iris  both  Jayers  of  cells,  so  far  as 
they  exist,  are  pigmented. 

The  arteries  of  the  choroid  are  derived  from  the  short  posterior 
ciliaiy,  the  long  ciliar\\  and  the  anterior  ciliar\'  arteries.  The  short 
posterior  ciliary  arteries  penetrate  the  sclera  in  the  vicinity  of  the  optic 
nerve,  where  they  anastomose  with  branches  from  the  retinal  vessels, 
and  spread  through  the  choroid,  %vhere  they  form  the  choriocaplllary 
layer.  The  long  posterior  ciliary  arteries  (a  mesial  and  a  lateral) 
penetrate  the  sclera  and  course  forward  between  choroid  and  sclera  to 
the  cihary  bodj-,  forming  tlvere  the  circulus  arteriosus  iridis  major;  they 
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also  supply  the  ciliary  muscle,  the  ciliary  processes,  and  the  iris,  and 
anastomose  in  the  ciliary  ring  with  the  branches  of  the  slioit  jws- 
terior  ami  anterior  ciliary  arteries.  The  latter  lie  beside  and  partly 
within  the  straight  ocular  muscles,  penetrating  the  latter  at  the  an- 
terior mari^in  of  the  sclera  ;  they  give  off  branches  to  the  circulus 
arteriosus  iridis  major  and  to  the  ciliary  muscles,  anastomosing  at 
the  same  time  with  the  posterior  ciliary  arteries.  (Compare  Figs. 
352  and  357.)  Within  the  iris  the  blood-vessels  generally  take 
a  radial  direction,  but  also  anastomose  with  one  another,  forming 
capillaries,  and  subsequently  the  circulus  arteriosus  iridis  minor  at 
the  inner  pupillary  margin.  From  the  region  supplied  by  the 
posterior  ciliary  arteries  most  of  the  blood  is  carried  toward  the 
vorticose  veins.  The  anterior  ciliary  veins  convey  the  blood  com- 
ing from  the  arteries  of  the  same  name.  Into  these  veins  is  also 
poured  the  blood  from  the  veins  lying  in  the  canal  of  Schlemm, 
the  canal  itself  being  in  reality  an  open  venous  sinus.  Besides  this, 
these  veins  convey  also  venous  blood  from  the  conjunctiva  (Leber). 
The  nonstriated  muscle  of  the  ciliary  body  and  iris  receives  its 
innervation  througli  sympathetic  nerve-fibers,  neuraxes  of  sympa- 
thetic neurones,  the  cell-bodies  of  which  are  situated  either  in  the 
ciliary  ganglia  or  in  the  superior  cervical  ganglia.  The  neuraxes 
of  the  sytnpathetic  cells  forming  the  ciliary  ganglia  form  the  sliort 

ciliary  nerves,  which  pierce 
the  sclera  in  the  neighbor- 
hood of  the  optic  nerve  and 
pass  forward,  to  terminate  in 
the  mu.scleof  the  ciliarj'  body 
and  the  sphincter  muscle  of 
the  pupil.  Stimulation  of 
these  nerves  causes  a  con- 
traction of  the  ciliary  muscle 
and  a  closure  of  the  pupil. 
The  cell-bodies  of  the  sympa- 
tlictic  neurones  forming  the 
ciliary  ganglia  are  surrounded 
by  pericellular  ple.vuses,  the 
terminalions  of  small  medul- 
lated  ner\'e-fibers  (white  rami 
fibers)  which  reach  the  ciliary 
ganglia  through  the  oculo- 
motor nerves,  Neuraxes  of 
sympathetic  neurones,  the 
cell -bodies  of  which  are  sit- 
uated in  the  superior  cervical 
ganglia,  reach  the  eye  through 
the  cavernous  plexuses,  to  ter- 
minate, it  is  thought, — in  part, 
at  least, — in  the  dilator  of  the 
iris,  since  stimulation  of  these  nerves  causes  a  dilatation  of  the 
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pupils.  Tlie  cell-bodies  of  these  sympathetic  neurones  are  sur- 
rounded by  pericellular  plexuses,  the  terminations  of  white  rami 
fibers  which  leave  the  spinal  cord  through  the  first,  second,  and 
third  thoracic  nerves  (Langley),  and  which  reacli  the  superior  cer- 
vical ganglia  through  the  cervical  sympathetic.   . 

Mclkirch  and  Agababow  have  shown  that  numerous  sensory 
nerves  terminate  in  free  sensory  endings  in  the  connective  tissue 
of  the  ciliar\'  body  and  iris.  The  sensory  nerve-supply  of  the  iris 
is  especially  rich. 


E.  THE  INTERNAL  OR  NERVOUS  TUNIC  OF 
THE  EYE. 

This  tunic  is  composed  of  two  layers  :  the  outer,  or  stratum  pig- 
menti  ;  and  the  inner,  or  rttina, 

1.  THE  PIGMENT  LAYER. 

The  pigment  layer  dcvelups,  as  we  have  seen,  from  the  outer 
layer  of  the  .secondary'  optic  vesicle.  It  consists  of  regular  hexa- 
gonal cells,  12  /i  to  i8  ^  in  length  and  9  ft  in  breadth,  which  con- 
tain black  pigment  in  the  fumi  of  granules.  The  inner  surfaces 
of  these  cells  possess  long,  thread-like  and  fringe-like  processes, 
between  which  project  the  external  segments  of  the  rods  and  cones 
of  the  retina,  yet  to  be  described.  The  nuclei  of  the  pigment  cells 
lie  in  the  outer  ends  of  the  cells,  the  so-called  basal  plates,  and  are 
not  pigmented.  The  distribution  of  the  pigment  varies  according  to 
the  illumination  of  the  retina.  If  the  latter  be  darkened,  the  pig- 
ment collects  at  the  outer  portion  of  each  cell  ;  if  illuminated,  the 
pigment  is  evenly  distributed  throughout  the  whole  cell.  The  pig- 
ment granules  are  therefore  mobile  (Kiihne,  79). 


2.  THE  RETINA. 

The  retina  has  not  the  same  structure  throughout.  In  certain 
areas  peculiarities  arc  noticeable  which  must  be  described  in  detiiil  ; 
such  areas  are  :  ( i)  the  macula  lutea  ;  (2)  the  region  of  the  papilla 
(papilla  nervi  optici)  ;  (3)  the  ora  serrata ;  (4)  the  pars  ciiiaris 
retinae  ;  and  (5)  the  pars  iridica  retinae. 

We  shall  begin  with  the  consideration  of  that  portion  of  the 
retina  lying  between  the  ora  serrata  and  the  optic  papilla  (exclusive 
of  the  macula  lutea). 

From  without  inward,  we  diiTercntiate  :  (l)  the  layer  of  vis- 
ual cells,  including  the  outer  nuclear  layer;  (2)  the  outer  molecu- 
lar (plcxiform)  layer:  (3)  the  inner  nuclear  or  granular  layer;  (4) 
the  inner  molecular  (plexiform)  layer  ;  (5)  the  ganglion-cell  layer  ; 
(6)  the  nerve-fiber  layer.      Besides  these,  we  must  also  consider  the 
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a<nyixting  tissue  oT  the  retina  and  Miiller's  fibers,  together  with  the 
intrfnal  and  external  lifnitin<T  membranes. 

The  Tisoal  cells  are  either  rod-visual  cells  or  conc-^^isual  cells. 
The  rod-visual  cells  consist  of  a  rod  and  a  rod-fiber  with  its 
nucleus.  The  rod  ^40  «  to  50  //  in  length)  consists  of  two  seg- 
ments, an  outer  and  an  inner,  the  former  of  which  is  doubly  refrac- 
ti>fe  ami  may  be  separatc<i  into  numerous  transverse  discs  by  the 
a<tk>n  of  certain  reagents.  The  inner  is  less  transparent  than  the 
•i:rv*r  segment,  and  its  inner  end  shows  a  iinc  superficial  longitu- 
vi-vi'  <trwbon  due  to  impressions  from  the  fiber-baskets  formed  by 
Muilvt  i  fibers.     In  the  lower  classes  of  vertebrates  a  rod-ellipsoid 
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u  HUu\'ture)  may  easily  be  demonstrated  in  the  outer  region 

\\\\\^\  iHirtion  ;  in  many  mammalia  and  in  man  the  demon- 

v^  lh»!»  is  more  difficult.     This  structure  is  a  planoconvex, 

\\\i^K\  boily,  the  plane  surface  of  which  is  coincident 

^^  surface  ol  the  inner  segment,  its  inner  convex  sur- 

fi^oe  lyii»H  At  tho  junction  of  the  outer  and  middle  thirds  of  the  inner 

r       I'hr  rs^  fihi'rs  extend  as  far  as  the  outer  molecular  layer 

tm<»  wheie  ihcy  end  in  smali  spheric  swclh'ngs.  The  nuclei 

\\\  thr  n»dM>ual  crlls  are  foutid  at  varvnng  points  within  the  rod- 

(Utcm  but  ran'ly  chvte  to  the  inner  segment.     When  treated  with 

I'ertam  lixini;  a>i«*ntsand  stains,  the  rod-nuclei  of  certain  animals  (cat 

und  rciWwt)  ^'^  ''*^"  ^^^  show  several  zones,  which  stain  alternately 
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light  and  dark  (striation  of  the  rod-nuclei).     This  striation  is  not  gen 
erally  observed  in  the  rod-nuclei  of  the  human  retina. 

The  cone-visual  cells  consist,  similarly  to  the  rod-visual  cells, 
of  a  cone  and  a  cone-fiber  with  its  nucleus.  The  cone  (15//  to 
25  /i  in  length)  is,  as  a  whole,  shorter  than  the  rod,  and  its  inner 
segment  is  considerably  broader  than  that  of  the  rod.  The  cone 
ellipsoid  comprises  the  outer  two-thirds  of  the  inner  segment,  and 
the  outer  segment  has  a  more  conical  shape.  The  cone-fiber  like- 
wise extends  as  far  as  the  outer  molecular  layer,  where  it  ends  in 
a  branched  basal  plate.  Its  somewhat  larger  nucleus  is  alwavs 
found  in  the  vicinity  tif  the  inner  segment  of  the  cone.  The 
inner  surfaces  of  the  inner  segments,  not  only  of  the  cone-cells,  but 
also  of  the  rod-visual  cells,  lie  in  one  plane,  corresponding  to  the 
external  limiting  membrane,  a  structure  composed  of  the  sustenta- 
cular  fibers  of  Miiller.  The  rod-fibers  and  cone-fibers,  with  the 
nuclei  of  the  rod-  and  cone-visual  cells,  lie  between  the  external 
limiting  membrane  and  the  outer  molecular  layer  It  will  be 
obser\'ed,  therefore,  tliat  the  visual  cells  include  the  layer  of  rods 
and  cones  and  the  outer  nuclear  layer. 

The  outer  moleculair  layer  consists  :  { i )  of  the  ramifications  of 
Miiller's  fibers  ;  (2)  of  the  knob  and  tuft-Hkc  endings  of  the  visual 
cells  ;  and  (3)  of  the  dendritic  processes  of  the  bipolar  cells  of 
the  inner  nuclear  layer.  These  structures  will  be  con.sidered  more 
in  detail  in  di.scussing  the  relations  of  the  elements  comprising  the 
retina. 

The  inner  nuclear  layer  contains:  (i)  the  nucleated  stratum 
of  Muller's  sustentacular  fibers  ;  (2)  ganglion  cells  situated  in  the 
outer  region  of  the  layer  anil  extending  in  a  horizontal  direction  ; 
(3)  bipolar  ganglion  cells  with  oval  nuclei,  densely  placed  at  various 
depths  of  the  layer  and  vertical  to  it ;  (4)  amacrine  cells  (neurones, 
apparently  without  neuraxes)  lying  close  to  the  inner  margin  of 
the  layer  and  forming  with  their  larger  nuclei  a  nearly  continuous 
layer  of  so-called  spongioblasts.  The  numerous  processes  of  these 
spongioblasts  lie  in  the  inner  moleeular  layer,  the  composition  of 
which  will  be  further  discussed  later. 

The  gang^l  ion -cell  layer  of  the  optic  nerve  consists,  aside  from 
centrifugal  neuraxes  and  the  fibers  of  Miiller,  which  are  here 
present,  of  multipolar  ganglion  cells,  the  dendrites  of  which  extend 
outward  and  the  neuraxes  of  which  are  directed  toward  the  optic 
nerve-fiber  layer.  These  cells  vary  in  size,  and  their  nuclei  are 
typical,  being  relatively  large,  deficient  in  chromatin,  and  always 
provided  with  large,  distinct  nucleoli.  In  man  the  optic  nerve- 
fibers  of  the  retina  are  nonmedullated. 

All  these  structures  are  typical  of  that  portion  of  the  retina 
lying  behind  the  ora  serrata.  The  retina  in  the  vicinity  of  the  optic 
papilla  and  macula  lutea  must  be  taken  up  separately. 
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of  the  cones,  and  since  the  cone-fibers,  in  order  to  reach  the  outer 
molecular  layer,  must  here  describe  a  curve,  there  arises  a  peculiar 
layer,  composed  of  obliquely  directed  fibers,  known  as  the  ou/er 
fiber 'layer  or  Hettie's  fiber  layer.  In  other  words,  the  fibers  of  this 
region  are  more  distinctly  seen  because  they  are  not  covered  by  the 
rod-nuclei  and  rod-fibers. 

Fovea  cenlralia. 


Layer    of 

nerve-fibrri. 
Gant;)  ion-cell 

layer. 

Inner  molecu- 
lar layer. 

Inner  nuclear 
layer. 

Outer  niolec> 
ular  layer. 

Outer  fibrous 
layer. 

Outer  nuclear .. 
layer. 

Cones. 

Fig.  360. — Section  tin  i 

a  result  kA  treatment  with  (.ciiaiii  icugeiiU,  the  foveJi  veHtralib  ih  detper  aad  ihe  luargiii 
more  ]trecij>ilnu.s  than  during  life. 

The  yellowish  color  of  the  fovea  centralis  is  due  to  pigment  held 
in  solution  within  the  layers  of  the  retina.  The  cone-visual  cells 
themselves  contain  no  pigment. 


I 


5.  ORA  SERRATA,  PARS  OLIARIS  RETINAE.  AND  PARS  IRIDICA 

RETINAE. 

In  the  region  of  the  ora  serrata  the  retina  suddenly  becomes 
thinner.  As  seen  from  the  inner  surface  of  the  retina,  its  decrease 
presents  the  appearance  of  an  irregular  curve  rather  than  of  the 
segment  of  a  sphere.  Shortly  before  the  retina  terminates,  its  layers 
become  markedly  reduced,  certain  ones  di.sappearing  entirel\' ;  first 
the  ner\'e-fiber  layer,  then  the  ganglion -eel!  layer  and  cone-  and  rod- 
visual  cells,  their  place  being  taken  by  an  indifierent  epithelium. 
The  inner  molecular  layer  of  the  retina  gradually  loses  the  pro- 
cesses which  penetrate  inward.  In  the  region  of  the  ora  serrata  the 
sustentacular  fibers  arc  markedly  developed.  Relatively  large  hol- 
low spaces  are  often  found  in  the  retina  at  the  ora  serrata ;  they  are 
thouj^ht  to  be  due  to  edema. 

The  pars  ciliaris  retinae  consists  essentially  of  two  simple 
layers  of  cells,  of  which  the  external  represents  the  pigment  layer 
and  the  internal  the  inner  epithelium  of  the  secondary'  optic  vesicle. 
In  the  pars  iridica  retinae  the  arrangement  is  similar ;  here  both 
layers  are  pigmented. 


J^T^ffi  RETINA. 

nbers  of  Miiller,  in  the 

--  ..cnnic  origin,  and  repre- 

,     .-tissue.     They  penetrate 

the  inner  segments  of 

L.>  a  long,  greatly  modified 

-.•  broad  basal  plates,  which 

'IS,  thus  forming  a  sort 

r^rane.        Owing    to    its 

■ts  certain   peculiarities  within 

^^fc*-    ^    ^?^  '^■H  through    which    it    penetrates. 

the  fiber  is  provided  with  trans- 

SlApbidcts.    Within  the  nuclear  layers, 

fatterai  indentations,  which  corre* 

yAK^-J  by  the  cells  of  these  layers.    At 

asES  aad  i^s  the  fibers  terminate  in  end- 

Ibrmations,  and,  blending  with  one 

he  external  limiting  memhrane. 

«!  by  the  rod-fibers  and  cone-fibers.     The 

V  off  externally  short,  inflexible  fibrils, 

containing  the  basilar  portions  of  the 

cones.     {Vid.  Fig.  361.)     MiJller's 

^  ftti:  in  chrome-silver  preparations,  but  as 

i^vctttrrs.  as  above  depicted.      In  preparations 

<4  «  ^  differential    neuroglia    stain    (Rcnda's 

ibers.  stained  after  the  manner  of  neuroglia 

^»  V  JANliMcd.     Tliese  fibers  are  in  contact  with  or 

'v^  st^toplasm  of  the  Miiller's  fibers, 

%  ^SATUNS  or  THE  ELEMENTS  OF  THE  RETINA  TO 

ONE  ANOTHER. 

tilBC  Up  the  relationships  existing   between  the 

^  the  irtinal  strata,   giving   the   theories    now 

.v^c^Mt^hised  o\\  observations  made  with  the  Golgi 

^,^^^^ic  ttKthods,  and  more  particularly  on  the  invcsti- 

^    y  C^i*! !«««  diagram.  Fig.  361) : 

^^    L~t[W ^^MT M^cesses  of  the  rod-visual  cells  end,  as  a  rule,  in 

...  I   .^,*^***i.'«tt  within  the  outer  tnohruhir  layer,  in  which  also  the 

\^  cv'^K^x'Kual  cells  tcrmitiate  in  broader  branched 

...L^.s^      I«  ihif  U>"CT  Also  arc  situated  the  terminal  arborizations 

jJS?JJj^^j|jjljj lillJ  neura.\cs  of  certain  cells  belonging  to  the  inner 

^^^1^^  1^,1 1 »*-*■  /*»^y  rnnsists.  as  we  have  seen,  {a)  of  bipolar 

H^  ^^  cv>nstitutc  the  principal  portion  of  this  layer,  {b)  of  hori- 
^^^Itv-  rIft-rH  cell*  Ivinj;  immediately  beneath  the  outer  molecular 
Jr^l^l^S^^  \>t*thc  li.vcr  of  sp<.>ngiublasts  situated  at  the  junction 


^S%, 


which  also  end  in  the  outer  molecular  layer,  arc  there  in  relation  to 

the  basilar  processes  of  the  cone-fibers.  Their  iieu raxes  cinne  in 
contact,  by  means  of  terminal  arborizations,  with  the  dendrites  of  the 
ganglion  cells  of  the  gani;lion-ccll  layer  at  varying  depths  of  the 
inner  molecular  layer.  {/)  Besides  these,  there  are  also  bipolar 
cells  which,  as  in  the  case  of  a  and  ^.  form  contact  with  the  rod-  and 
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:  --i?  of  tlic  f^an^lion  o.iis 

Cn.!!  -J  send  tlieir  dendrites 

retina  ..                                                            ■  .- ::cu raxes  extend  liori- 

sent  a  -  :    the  .same  la\er.  ending 

the  n;  •. -rieties:  tlie  smaller,  in- 

the  r.  •  -    ::ii  one  another  by  means 

epitii.  .   -.-^vr,  more  deeply  situated 

conir  :  .:  basilar  ends  of  the  rod- 

of  n:  -  ;    -.ivariet)'  give    off"  one  or 

mark  -  .;^'h  the  inner  nuclear  la\-er 
the    . 

Thij  .    -  :>  composed  of  five  strata. 

verv  ..   i.r.ajrine  or  parareticular  cells) 

on  t  ^.e.-^-ses  up waid  into  the  inner 

sp.,-  :  n;ie  arborizations  in  the  first, 

the  ..  ;•  '  :::  the  third  interstice,  .sej)arat- 

pl.i-  ..  1:  i.iyer  from  one  another.      He- 

an.  / .  :..:srs.  there  are  also  others  in  the 

T  i'  ,-.vVi«/jr.  whose  ranu'fications  end 

e:  :.    .rtiie  strata  of  the  inner  molecu- 

'■\ '  ■  v:   -.<  o{  the  spongioblasts  just  men- 

u.  .      _  ,^.>  >  present.      These  lie  in  one  of 

'•  ;.i;."ers,  their  ramifications  spreading 

'■  >.>i.ies  all  these  .structures  the  dcn- 

•:  cell  layer  al.so  ramify  throughout 

The   cell-bodies    are    irregularly 

:".to  the   inner   molecular  layer,  and 

.•\c-nber    la\er.       Arcor<ling    to    thi- 

:.:v.i:iation.   the  gangli'»n  cells  may  bt- 

:     those  the  tlendrites  of  which  e\- 

■     :"  the  molecular  la\tr  ;  (2)  tho.se   the 

:>>  several  strat.i  of  the  molicular  la\c.r  ; 

..*  .•:"  which  are  distributrd  throughout  the 

.  c.iiar  layer.      'Ihus.  tlR>e  three  gr<iups 

«    .-.i'.ied   mono-stratijiid,   f^oly-stratifuti,  ami 

-  .    :::cir  dendrites  tiny  cmuu-  in  contact  with 

\:::axes   of  the  bipolar  cells  yA    ijie   inner 

:.r,if  the   retina.        This  \.\\v\  consists  ot 
:'.i  liie  gan^ilion  ccll^  i.|   iIk-  L:.ingli«'n-ctll 
^,;'.  nerve-fiber.^  cndui;.;   in  various  la\ers  of 
:...  outer  molecular  l.ixer. 


S.  THE  OPTIC  NERVE. 

:  the  i>ptic  nerve  pos>«<  >^' >  .111  i.xtirnal  sheath. 
.^:•.  of  the  liura  matir  ami  i>  .<>Mtnnioiis  with  the 
■.-.  :n!ier  sheath,  which  is  .i  pi<-!..r,-alion  of  the  pia 
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mater.  Between  these  two  sheaths  is  a  fissure,  divided  into  two 
smaller  clefts  by  a  continuation  of  the  arachnoid.  Both  these  clefts 
are  traversed  by  connective-tissue  trabecular.  The  inner  cleft  com- 
municates with  the  subarachnoid  space  ;  and  the  outer  narrower 
cleft,  with  the  subdural  space. 

The  fibers  of  the  optic  nerve  are  medullated.  but  they  possess  no 
neurilemma.  They  are  grouped  into  small  bundles  by  septa  and 
bands  of  fibrous  tissue  penetrating  the  optic  nerve  from  the  inner  or 
pial  sheath.  Within  these  bundles  the  nerves  are  separated  by  neu- 
roglia tissue, — neuroijlia  cells  and  fibers. — which  further  forms  a 
thin  sheatli  about  each  bundle.  In  the  region  of  the  sclera  and  cho- 
roid the  optic  nerve-fibers  lose  their  myelin,  and  the  septa  of  the  inner 
or  pial  sheath  become  better  developed  and  relatively  more  numer- 
ous. Connective- tissue  fibers  from  the  sclera  and  choroid  also  trav- 
erse this  region  of  the  optic  nerve,  giving  rise  to  what  is  known  as 
the  lamina  cribrosa.  At  from  i  J.<  to  2  cm.  from  the  eyeball  there 
enter  into  the  optic  nerve  laterally  and  ventrally  (according  to  J.  Deyl, 
mesially)  the  central  artery  and  vein  of  the  retina,  which  very  soon 
come  to  lie  within  the  axis  of  the  nerve.  Here  they  are  surrounded 
by  a  common  connective-tissue  sheath  which  is  in  direct  connection 
with  the  pial  sheath.  The  optic  nerve-fibers  extend  through  the 
lamina  cribrosa  into  the  retina,  where  they  spread  out  as  the  nerve- 
fiber  layer  in  the  manner  previously  described. 


9.  BLOOD-VESSELS  OF  THE  OPTIC  NERVE  AND  RETINA, 
The  blood-vessels  of  the  optic  nerve  are  principally  derived  from 
the  vessels  of  the  pial  sheath.     In   that  portion  of  the  ner\'e  con- 
taining the  central  vessels  of  the 


retina  the  latter  anastomose  with 
the  pial  vessels,  so  that  tiiis  por- 
tion of  the  optic  nerve  is  also 
supplied  by  the  central  ves.sels. 
At  their  entrance  through  the 
sclera  the  short  posterior  ciliary 
arteries  form  a  ple.xus  around  the 
optic  ner\'c,  the  aricrial  chrie  of 
Zinn,  which  communicates,  on 
the  one  hand^  with  the  vessels  of 
the  pial  sheath,  and,  on  the  other, 
with  those  of  the  optic  ner\'e. 
At  the  level  of  the  choroid  the 
vessels  of  the  latter  communicate 
by  means  of  capillaries  with  the 
central  vessels  of  the  optic  nerve. 
The  centra!  artery  and  vein 
of  the  retina  enter  and  leave 
the  retina  at  the  nptic  papilla, 
30 


n 


.  Vein. 


.  Artery. 

^ —  Zone  siif - 
rounding 
artery  ftee 
from  capil- 
laries. 


Fig.   362.— Injected  blood-vessels  of 
the   huQuui   redon ;   surface   prepcrmtion ; 

X»8.  *^   ^ 

dividing    here,  or   even    within 
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the  nerve  itself,  into  the  superior  and  inferior  papillary  artery  and 
vein.  Both  the  latter  again  divide  into  two  branches,  the  nasal 
and  temporal  arteriole  and  venule,  known,  according  to  their  posi- 
tions, as  the  superior  and  inferior  nasal  and  temporal  artery  and 
fetM, 

Besides  these  vessels,  two  small  arteries  also  arise  from  the 
trunk  of  the  central  arter\'  itself,  and  extend  to  the  macula.  Two 
similar  vessels  extend  toward  the  nasal  side  as  the  superior  and 
inferior  median  branches.  Within  the  retina  itself  the  larger  ves- 
sels spread  out  in  the  nerve-fiber  layer,  forming  there  a  coarsely 
meshed  capillary  network  connected  by  numerous  branches  with  a 
finer  and  more   closely   meshed    network    lying  within  the  inner 


m 
■i^ 


•---  Vascular 
plexus  of 
morula  lutea 
with  wide 
meshes. 
Fovea  cenlra- 
lisJrFcfroin 
vessels. 


1^%.  jifj.— lDJ«ctcd  blood- ves&els  of  human  macula  lutea  ;  surface  preparation  ;  X  ^' 


I^VWlvtl'  Ia^tt.  The  venous  capillaries  of  this  network  return  as 
mivaH  wnousk  branches  to  the  nerve-fiber  layer,  in  which  they  form 
^  xvn  V  \us.  side  by  side  with  the  arterial  plexus. 

,  !  K-s  of  the  retina  are  of  smaller  caliber  than  the  veins. 

M  »»iltrics  possess  a  muscular  layer;  the  smaller,  only  an 

V      All  the  vessels  possess  highly  developed  perivascular 

The  visual-cell  layer  is  nonvascular,  as  are  also  the  fovea 

,,       ,    •  auil  (he  rudimentary  retinal   layers  lying  anterior  to  the 


\"    H     *N  1  •    \t,^ 


\\^ 


•f  the  retina  anastomose  with  one  another  solely  by 
i...u»cs  (end-arteries),  and  it  is  only  in  the  ora  serrata 
.  I  nous  anastomoses  exist. 
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F.   THE  VITREOUS  BODY. 

The  vitreous  body  is  a  tissue  w  hich  consists  almost  entirely  of 
fiuid.  containing  \ery  few  fixed  cellular  elements  and  only  a  small 
number  of  leucocytes,  which  are  found  more  particularly  in  its  outer- 
most portion.  Thin  structureless  lamella'  and  fibers  occur  through- 
out the  entire  vitreous  body,  with  the  exception  of  the  hyaloid  canal. 
These  Bbiils  form  an  interlacin|j;  network  with  wide  meshes.  They 
differ  chemically  from  both  tlie  white  fibrous  tissue  and  yellow  clastic 
fibers,  resemblmg  in  some  respects  cuticular  formations  (vf»n  l'*bner). 
These  are  particularly  numerous  at  the  pcriphcr)-  and  especially  in 
the  region  of  the  ciliar\'  body.  Towartl  the  surface' the  fibrils  are 
more  densely  arranged,  forming  the  hyaloid  membrane  of  the  vit- 
reous body,  separating  the  latter  from  the  retina.  This  menibrane 
is  somewhat  thicker  in  the  region  of  its  close  attachment  aroun<t  the 
physiologic  excavation  of  the  optic  nerve  and  to  the  internal  linu'ting 
membrane  of  tlic  retina  in  tiie  ciliary  region.  In  the  latter  tegii>n 
the  hyaloid  membrane  is  in  close  relation  with  the  epithelium  of  the 
pars  ciliaris  retincX.  It  does  not,  however,  penetrate  into  and  between 
the  ciliarj'  processes,  but  extends  like  a  bri<lge  over  the  furrows  be- 
tween them.  This  arrangement  gives  rise  to  spaces,  the  rt'ctssus  catn- 
erce  posterioris,  whicli  form  a  division  of  tiic  posterior  chamber,  and 
are  inclosed  between  the  hyaloid  membrane,  the  ciliary  processes, 
the  suspensory  ligament  of  the  lens,  and  the  lens  itself;  these  spaces 
are  filled  with  aqueous  humor.  In  the  region  of  the  ciliary  pro- 
cesses the  liyaloid  membrane  is  closely  associated  with  numerous 
fibers,  which  diverge  fan-like  t()ward  the  lens  and  bect)me  blended 
with  the  outer  lamella  of  the  lens-capsule.  These  fibers  appear  to 
arise  from  the  epithcliunn  of  the  pars  ciharis  retina*,  and  may  be 
regarded  as  cuticular  formations.  Those  coming  frtjui  the  free  ends 
of  the  ciliary  processes  become  attached  along  the  equator  of  the  lens 
and  to  the  adjacent  posterior  portion  of  the  lens-capsule.  On  the 
other  hand,  tlie  fibers  originating  between  the  ciliar)'  processes  attach 
themselves  to  the  anterior  surface  of  the  Icns-capsule  in  the  imme- 
diate vicinit)'  of  the  equator.  Together  these  fibers  constitute  the 
zonula  ciliaris,  zonule  of  Zmn,  or  the  suspensory  lij^ament  of  the  lens. 
Between  these  fibers  of  the  zonula  and  the  lens  itself  there  is,  conse- 
quently, a  circular  canal  divided  by  sqjta.  the  canal  of  Pctit»  which 
communicates  by  openings  with  the  anterior  chamber. 


G.  THE  CRYSTALLINE  LENS. 

As  we  have  already  seen,  the  ciystallijie  lens  originates  as  an 
ectodcrmic  invagination,  which  tlien  frees  itself  from  tlic  remaining 
ectoderm  in  the  shape  of  a  vesicle  and  becomes  IranAfomicd  into 
the  finished  lens.  In  this  process  the  cells  of  the  inner  wall  of  thf 
vesicle  become  the  lens-fibers,  while  those  of  the  outer  |K>rtion  f^- 
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main  as  the  anterior  epithelium  of  the  lens.  The  lens  is  surrounded 
on  all  sides  by  the  lens-capsule. 

The  lens  capsule  is  a  homogeiioous  membrane,  nearly  twice  as 
thick  on  the  anterior  surface  of  the  Icn^i  as  on  the  posterior.  Its 
chemic  reactions  differ  from  those  of  connective  tissue,  and  in  thi.s 
respect  it  may  be  compared  with  the  mcmbrana!  propria^  of 
glands.  In  sections  the  lens  capsule  appears  to  possess  a  tangen- 
tial striation  ;  under  the  influence  of  certain  reagents,  and  under 
proper  preliminary  treatment,  lamella!  may  be  detached  from  its 
surface  which  are  found  to  be  directly  coimected  with  the  fibers 
of  the  suspensory  iigament- 

The  anterior  epithelium  consists,  in  the  fetus,  of  columnar  cells  ; 
in  children,  of  cells  approaching  the  cubic  type  ;  and  in  the  adult,  of 
decideilly  flattened  cells.  Toward  the  equator  of  the  lens,  in  the 
so-called  transitional  zone,  the  cells  increase  in  height  and  gradually 
pass  over  into  the  lens  fibers. 

The  lens  fibers  are  also  derivatives  of  epithelial  cells  ;  they  are 
long,  flattened,  hexagonal  prisms,  which  c.vteod  through  the  entire 
thickness  of  the  lens.  In  the  adult  the  lens  may  be  differentiated 
into  a  resistant  peripheral  and  a  softer  axial  substance.  The  sur- 
faces of  the  fibers  present  irregularities,  and  it  is  with  the  help  of 
these  serrations  and  a  cement  substance  that  the  fibers  are  bound 
together.  Each  fiber  possesses  one  or  more  nuclei,  which,  although 
they  have  no  constant  position,  are  usually  found  in  the  middle  of 
the  fibers  situated  near  the  lens-axis,  and  in  the  anterior  third  of 
those  at  .some  distance  from  the  axi.s.  The  course  of  the  fibers  in 
the  lens  is  extremely  complicated. 


H.  THE  FETAL  BLCK)D-VESSELS  OF  TIffi  EYE 

In  the  eye  of  the  embryo  the  vitreous  body  and  the  capsule  of 
the  lens  contain  blood-vessels.  The  vessel  which  later  becomes 
the  central  arter>'  of  the  retina  passes  through  the  space  sub- 
sequently occupied  by  the  vitreous  body  as  far  as  the  posterior  sur- 
face of  tile  lens  (anterior  hyaloid  artery)  and  branches  in  the  region 
of  tile  posterior  and  anterior  lens-capsule.  The  anterior  vascular 
membrane  of  the  lens  capsule  of  the  embrj'o  is  known  as  the 
tfumhrana  capsulopuftillaris^  and  that  portion  corresponding  to  the 
puj>il,  as  the  mcmhrtina  pupiiiaris.  In  the  embryo  numerous  other 
vessels  ari.se  at  the  papilla  and  extend  over  the  surface  of  the 
vitreous  body  close  to  the  hyaloid  membrane ;  these  are  the  pos- 
terior hyaloid  arteries.  These  vessels  later  disappear.  In  place  of 
the  anterior  hyaloid  arterj'  there  remains  in  the  vitreous  humor  a 
liimsp.ireiit  cylindric  cord  containing  no  fibers  nor  lamelkc,  as  is  the 
case  in  tlie  rt:maining  portion  of  the  vitreous  body,  and  consisting 
*»f  a  more  fluid  substance  ;  this  is  the  hyaloid  canal ,  or  thr  ramtl  of 
Clo*intt 
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Witii  regard  to  tlie  posterior  hyaloid  vessels,  the  generally  ac- 
cepted theory-  is  that  they  later  enter  into  the  formation  of  the 
retinal  vessels.  Little  is  known  as  to  the  details  of  this  process  ; 
but  the  fact  remains  that,  in  the  rabbit,  for  instance,  tlie  larger 
branches  of  the  retinal  vessels  are  internal  tn  the  inner  limiting 
membrane,  and,  therefore,  within  the  vitreous  body,  and  that  they 
send  smaller  branches  into  the  retina  (His,  80). 


L  INTERCHANGE  OF  FLUIDS  IN  THE  EYEBALL. 

The  anterior  lymph-channels  of  the  eje  comprise  (i)  the 
lymph-canaliculi  of  the  c«»riica,  which  communicate  with  similar 
structures  in  the  sclera;  (2)  the  system  of  the  anterior  chamber, 
which  is  indirectly  connected,  on  the  one  hand,  with  the  canal  of 
Schlemm  by  means  of  the  spaces  of  Fontana,  and  with  the  stroma 
iridis,  into  which  the  ligamentum  pectinatum  extends  ;  while,  on  the 
other  hand,  it  conmiunicates  with  the  posterior  chamber  and  its 
recesses,  and  with  the  canal  of  Petit. 

In  the  posterior  region  of  the  eyeball  are  the  lymph-channels 
of  the  retina  (the  perivascular  spaces),  those  of  the  optic  nerve,  the 
space  between  the  pigment  layer  and  the  remaining  portion  of  the 
retina  (interlaminar  space.  Rauber),  and  the  lymph-spaces  of  the 
choroid  and  sclera.  The  influx  and  efflux  of  intraocular  fluid 
occur  principally  by  means  of  filtration.  The  influx  takes  place 
through  the  ciliary  processes  ;  that  the  choroid  has  to  do  with  this 
process  is  very  improbable.  The  efflux  takes  place  through  the 
veins  of  the  canal  of  Schlemm,  into  which  the  fluid  filters  through 
the  cement  lines  of  the  endothelial  lining  of  the  canal  of  Schlemm, 
finally  emptying  into  the  anterior  ciliary  veins.  A  posteritjr  efflux 
from  the  vitreous  body  probably  dues  not  exist,  or  at  least  occurs 
to  a  very  limited  extent.  The  anterior  chamber  possesses  no  efferent 
lymph-vessels  (Leber,  95). 


h  THE  PROTECTIVE  ORGANS  OF  THE  EYE. 

U  THE  LIDS  AND  THE  CONJUNCTIVA. 

At  the  end  of  the  second  month  of  embryonic  life  the  eyelids 
begin  to  develop  in  the  shape  of  two  folds  of  skin.  At  the  end 
of  the  third  month  these  folds  come  in  contact  in  the  region  of 
what  is  later  the  palpebral  fissure,  and  grow  together  at  their  outer 
epitlielial  margins.  Shortly  before  birth  the  two  lids  again  separate 
and  the  definitive  palpebral  fissure  is  formed. 

The  eyelids  show  three  distinct  layers:  (i)  the  external  cutis, 
which  presents  special  structures  at  its  free  margin  and  continues 
about  I  mm.  inward  from  the  inner  border  of  the  free  margin  ;  (2) 
the  mucous  membrane,  or  palpebral   conjunctiva,  beginning   from 
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this  line  and  covering  the  entire  internal  surface ;  and  (3)  a  middle 
layor. 

1 .  The  cuticular  portion  of  the  eyelid  consists  of  a  thin  epider- 
mis and  a  dermis  poorly  supplied  with  papillii;.  Fine  lanugo-likc  hairs 
with  small  sebaceous  glands  and  a  few  sweat-glands  are  distributed 
over  its  entire  surface.  The  cutaneous  connective  tissue  is  very 
loose,  contains  very  few  elastic  fibers,  and  is  supplied  with  pigment 
cells  in  the  superficial  layers.  At  the  lid-margin  the  papilla:  are 
well  developed  and  the  epidermis  is  somewhat  thickened.  The 
anterior  margin  supports  several  rows  of  larger  hairs,  the  cilia,  the 
posterior  row  of  which  possesses,  besides  the  sebaceous  glands, 
modified  sweat-glands,  the  citiary  glands  of  Moll,  which  also  empty 
into  or  near  the  hair  follicles.  The  ciliary  glands  are  readily  distin- 
guished from  the  sweat  glands  ;  their  tubules  are  relatively  large, 
often  showing  alternating  large  vesicular  segments  and  short  narrow 
segments.  A  branching  of  the  tubules  has  also  been  obser\'ed 
(Hubcr).  The  eyelids  are  further  provided  with  numerous  glands, 
known  as  the  Meibomian  or  tarsal  glands.  About  thirty  of  these 
glands  are  found  in  the  upper,  a  slightly  smaller  number  in  the  lower, 
lids.  Tiiey  lie  within  the  tissue  of  the  tarsus  vertical  to  the  palpebral 
margin.  I'ach  gland  consists  of  a  tubular  duct,  lined  by  stratified 
squamous  epithelium,  beset  with  numerous  .simple  or  branched  al- 
veoli lined  by  a  .stratified,  cubic  epithelium  in  ever)'  respect  similar  to 
that  lining  the  alveoli  of  sebaceous  glands.  The  ducts  of  these 
glands  terminate  at  the  palpebral  margin  posterior  to  the  cilia.     (See 

Fig-  3'54.) 

2.  The  conjunctival  portion  of  the  eyelids  is  lined  by  a  simple 

pseudostratificd  columnar  epithelium,  possessing  two  strata  of  nuclei. 
This  is  continuous  with  the  bulbar  conjunctiva  at  the  conjunctival 
fornix,  and  is  characterized  by  the  occasional  presence  of  fohls  and 
sulci.  Longitudinal  folds  in  the  upper  portion  of  the  upper  lid 
running  parallel  with  the  lid-margin  are  frequently  present.  Goblet 
cells  are  usually  found  in  the  epithelium.  According  to  W.  Pfitz- 
ner  (97).  the  epithelium  of  the  conjunctiva  consists  of  two  or  three 
strata  of  cells,  of  which  the  more  superficial  possess  a  cuticular 
margin.  Certain  structures  which  ha\c  alwajs  been  regarded  as 
goblet  cells  are  in  all  probability  similar  to  therr//j  of  Ltydig — 1*.  «•., 
mucous  cells,  which  do  not  pour  their  secretion  out  over  the  sur- 
face of  the  epithelium.  Some  lymph»:»id  tissue  is  always  found  in 
the  stratum  proprium  of  the  mucous  membrane,  and  occasionally  it 
is  seen  to  form  true  lymph-nodules.  It  is  of  some  interest  to  note 
that  a  marked  prc>duction  of  these  lymph-nodules  occurs  in  certain 
diseases.  Such  l\'mf)h -nodules  are  usually  associated  with  epithe- 
lial crypts,  whicli  f.ict  led  Hcnle  to  regard  them  as  glandular  forma- 
tions. Small  glands  with  a  structure  similar  to  that  of  the  lacrimal 
glands  are  also  present  in  the  palpebral  conjunctiva  ;  they  are  known 
as  acccs.sory  lacrimal  glands  and  are  found  in  the  upper  eyelid,  at  the 
outer  ant;le  of  the  conjunctival  fornix.  Similar  glands  occur  also  at 
the  mesial  angle  of  the  fornix. 


F'g  3'^4- — Vertical  section  of  the  upper  eyelid  of  man;  X  14:  «/,  arterial  arcus  lar- 
seus;  ,,  cilia;  dgt,  excretory  duel  of  Nfeihomian  gland  ;  j^lf,  ciliary  gland  (Moll)  ;  McR^ 
ciliary  muscle  of  Riolani ;  Mop,  m.  orbicularis  palpebrarum;  Mt,  nonstriated  muscle-fibers 
of  the  Inrsal  muscle  and  tendon  uf  llie  levntor  palfjebnc  superioris  ;  «A ,  lymph-node  of 
the  conjunctiva  palpebrse  ;    T,  tarsus  (Sobotta,  ''Atlas  and  Epitome  of  Histology."). 

the  subcutaneous  tissue.     At  the  margin  of  the  lid  this  structure 
gives  off  the  musculus  ciliaris  Riolani,  which  is  composed  of  two 
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The  blood-vessels  of  the  eyelid  lie  directly  in  front  of  the  tarsus, 
and  from  this  rf<Tion  supply  adjacent  parts;  they  reacli  the  poste- 
rior pni-tion  of  the  lid  either  by  penetrating  t!ic  tarsus  or  by  encir- 
cling it  (Waldeyer,  74).  The  lymph-vessels  form  a  plexus  in  front 
and  one  behind  the  tarsus. 

The  "third  eyelid,"  the  plica  semilunaris,  contains,  when  well 
developed,  a  small  plate  of  hyaline  cartilage. 

At  the  fornix  the  epithelium  of  tlic  palpebral  conjunctiva  be- 
comes continuous  with  the  two-  or  three-layered  squamous  epithe- 
lium of  the  conjunctiva  biilbi.  Beneath  this  epithelium  is  found  a 
loose  fibro-elastic  connective  tissue,  presenting  subepithelial  papilla?, 
and  quite  vascular.  In  it  are  found  meduUated  nerve-fibers,  .some 
of  which  terminate  in  free  sensory  nerve-endings  in  the  conjunctival 
epithelium  ;  others  terminate,  espedally  near  the  corneal  margin,  in 
end-bulbs  of  Krause  ;  and  still  others  may  be  traced  to  the  cornea, 
to  terminate  in  a  manner  previously  described. 


2.  THE  LACRIMAL  APPARATUS. 

The  lacrimal  apparatus  consists  of  the  lacrimal  glands,  their  ex- 
cretory ducts,  the  lacrimal  puncta  and  canaliculi,  the  lacrimal  sac, 
and  the  Oiisal  duct. 

The  lacrimal  gland,  wnich  is  a  branched  tubular  gland,  is  sepa- 
rated into  two  portions,  of  which  the  one  lies  laterally  against  the 
orbit  and  the  other  close  to  the  upper  lateral  portion  of  the  superior 
conjunctival  fornix.  The  structure  of  the  gland  is,  on  the  whole, 
that  of  a  serous  gland  (parotid),  with  the  difference  that  the  intralob- 
ular ducts  are  not  lined  by  a  striated  epithelium  such  as  is  found  in 
the  salivary  tubules,  and  that  those  cells  which  are  wedged  in  between 
the  secretury  elements  and  functionate  as  sustentacular  cells  (basket- 
cells)  are  here  much  mure  highly  developed. 

The  excretory  ducts  of  the  orbital  division  generally  pass  by  the 
conjunctival  half  of  the  glatui.  taking  up  a  few  ducts  from  the  latter 
as  they  go,  and  finally  empty  on  the  surface  of  the  conjunctiva. 
Aside  from  these,  the  lateral  portion  of  the  gland  possesses  also 
independent  ducts.  All  the  excretory  ducts  are  lined  by  columnar 
epithelium  and  surrounded  by  a  relatively  thick  connective-tissue 
wall  having  inner  longitudinal  and  outer  circular  fibers.  From  the 
lateral  portion  of  the  conjunctival  culdesac,  into  which  the  secre- 
tion is  brought  by  the  excrctojy  ducts  of  the  lacrimal  gland,  the 
secretion  passes  into  the  capillary  space  of  the  sac.  and  is  then 
evenly  distributed  by  means  of  the  sulci  and  papjllai  over  the  con- 
junctival surface  of  the  lid.  In  this  manner  the  secretion  reaches 
the  mesial  angle  of  the  ltd,  whence  it  passes  through  the  lacrimal 
puncta  into  the  lacrimal  canals. 

The  nerve  supply  of  the  lacrimal  glands  is  from  the  sym- 
pathetic nervous  system.  The  neuraxes  of  sympathetic  neurones 
accompany  the  gland  ducts  and  form  plexuses  about  the  alveoli, 
the  terminal  branches  of  which  may  be  traced  to  the  gland  cells. 


-^TA-  the  eye. 

The  lacrimal  caiab  are  lined  by  stratified  squamous  epi- 
t±ieiiuni.  and  p»:ssess  a  basement  membrane  as  well  as  a  con- 
necnve-cssue  lny^r  containing  circularly  disposed  elastic  elements. 
Exremally  we  End  a  laj^er  of  transversely  striated  muscle-fibers. 

Tbe  Tarrfmal  sac  is  provided  with  a  simple  pseudostratified 
columnar  epimelium  ha\-ing  two  strata  of  nuclei.  In  it  goblet  cells 
are  dlso  5:iiad-  The  nasal  duct  is  lined  by  a  similar  epithelium. 
Tae  comwctiv-e-tissue  wall  of  the  latter  and  that  of  the  lacrimal 
s;ic  come  in  cccicact  with  the  periosteum  ;  between  them  is  a  well- 
dtN-ciocei  vascular  plexus.  Stratified  squamous  and  ciliated  epi- 
t-ietium  aa%-e  bec«  described  as  being  present  in  the  nasal  duct,  as 
A*c:I  J:?  aiucfus  glands  in  both  nasal  duct  and  lacrimal  sac.  (See 
works  of  >t.  Schultze,  72  ;  Schwalbe,  87.) 


TBCHNIC 

TSf  wfs  of  the  larger  animals,  after  having  been  previously 
o«im!C  >*  :tftBv>»:a^  ihe  muscles  and  loose  connective  tissue,  are  placed 
•«  ::T\*  Ivn^  HTuxi  and  cut  into  two  equal  parts  by  means  of  an  equa- 
VT'Oi    m.is:ctt-     >ctiitUer  e>*es  with  thin  walls  may  be  fixed  whole. 

VUiic**^  "fujsJL  auric  acid,  and  Flemming's  fluid  are  usually  employed 
jss  i\  tj^  j^«5*.  Atker  fixing  in  one  of  these  fluids,  different  parts  of  the 
c^'^^^Oit  ATTT  tttocv&it^i  in  celloidin  or  celloidin-paraffin  and  then  sectioned. 

t"*h*  ^vctwtjil  epithelium  is  best  macerated  in  33%  alcohol ;  the 
■»»OM^tiuKr  s»i  lV>».^fttiet  n»y  be  impregnated  with  silver.  In  order  to 
>t»iiji  „•:><  !RVr<  ot^th<  Utter  into  view,  Nuel  recommends  an  injection  of 
t  >  '.v,>  >  .;  x*ftuic  *,-td  into  the  anterior  chamber  of  the  eye  of  a  dove  or 
,»  tti^^it.  jL'Vr  Ha*io^  drawn  off  the  aqueous  humor.  The  cornea  is  then 
vMi  v.»wi.  arni  ;i.\cvl  tvir  fironi  three  to  five  minutes  in  osmic  acid. 

IV  substauxtia  propria  is  examined  either  by  means  of  sections 
V.H  ■'»^%  rtiv'ijtiis  ot  tw;*d  preparations  from  a  cornea  macerated  in  lime- 
^aivi  sM  •N.HaK>ium  (><mtanganate.  The  sections  are  stained  with  picro- 
viiJMKii  R.ku^i<*«\  llie  tx)rneal  spaces  and  canaliculi  maybe  demon- 
M'v^ivNi  u  i%v»  *a>*  «tth  the  aid  of  silver  nitrate  ;  either  the  fresh  cornea 
v'i  .i  A^tkill  ^jtruutoL  t^j^  stripped  of  its  epithelium,  cauterized  with  a  solid 
Nv  v<  s»i  NiNci  mtcate»  ami  then  examined  in  water,  in  which  case  the 
v\s«K\^:  NjMvvs  siuvi  ths'iT  i^naliculi  show  light  upon  a  dark  ground  (neg- 
sii  vv  su»j^iv>^t»^iViv>ix^  ;  vvr  the  comeae  of  larger  animals  are  treated  in  the 
xi;>tv  '»M.»5K^v  aiW?  *hich  tangential  sections  are  made  with  a  razor,  and 
*<;k\\!  >  >*Alv<  tsv^  *  t«^*'  ^^.^"^  '•  i"*  this  case  the  corneal  spaces  and  their 
x<.M.v  .:r  vV*«  vlark  xnK>n  a  light  ground  (positive  impregnation,  Ran- 

^  i»v\<'kn  w  Vltwwnn's  oil  method  casts  of  the  corneal  spaces 
it.*N  K-*  > »  vi- nuIi  wmv  lH^  nwde.  Treatment  by  the  gold  method  often 
^'  V^>vv  NS  v'*»v>  t^  wncs,  but  also  the  corneal  corpuscles  and  their 

>^A»  v*     ^s*"^  tsjyxially   recommends  a  1%  solution  of  the 

^v.M,  ,.>s^s.v^^.v  ^sviainl  |H»tassium  for  the  corneal  nerves.     The  cor- 

•Nv.  >     S    rvK   «^  ^^:v*vv>i  >iv*  five  minutes  with  lemon-juice,  then  for  a 

..V,.  ,\  .  ^s    j,r  k^m:  '*Vv>.  *  '♦  |x^a*uum-gold  chlorid  solution,  and,  finally, 

'v\    >«s  ^    ■'*vs  vW*'^  *^^'^  ^^^^'f  w-eakly  acidulated  with  acetic  acid  (2 
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drops  to  30  c.c.  of  water),  the  whole  process  taking  plate  in  the  light. 
Golgi's  method  niay  also  be  iised,  but  the  gold  method  is  more  certain. 

The  sclera  is  treated  in  a  similar  manner. 

The  pigmentation  of  the  vascular  layer  interferes  with  examina- 
tion, and  albinotic  animals  should  therefore  be  .selected  ;  or  the  pigment 
may  be  removed  from  the  previously  fixed  eyeball  with  hydrogen  peroxid 
or  nascent  chlorin.  The  latter  method  is  applied  exactly  as  in  cases  where 
the  removal  of  osmic  acid  is  desired. 

The  adult  lens  is  sectioned  with  difficulty,  as  it  becomes  very 
hard  in  all  fixing  fluids.  The  anterior  capsule  of  the  lens  may  be  removed 
from  previously  fixed  specimens  and  examined  by  itself  The  lens-fibers 
are  demonstrated  by  maceration  in  }'}  alcohol  (twenty-four  hours)  or  in 
strong  nitric  acid.  Before  immersion  the  lens-capsule  is  opened  by  a 
puncture. 

The  retina  can  rarely  be  kept  unwTinklcil  in  eyes  that  have  been 
fixed  whole.  The  eyeball  should  therefore  be  oj)ened  in  the  fixing  fluid 
and  the  latter  permitted  to  act  internally  ;  or  the  external  tunics  are 
removed,  thereby  enabling  the  fixing  fluid  to  act  externally. 

Ranvier  reconmiends  subjecting  the  eyes  of  .smaller  anicnals 
(mouse,  triton)  for  a  cjuarter  or  half  hour  to  the  action  of  osmic  acid 
fumes  (see  p.  24),  after  which  the  eyes  are  opened  in  Ki  alcohol  with 
the  scissors.  At  the  end  of  three  or  four  hour>i  the  posterior  half  of  the 
eye  is  stained  for  some  time  in  picrocarmin  (p.  44),  then  carried  over 
into  iff  osmic  acid  for  twelve  hours,  washed  with  water,  treated  with 
ah.ohol,  and  cut. 

In  osmic  acid  preparations  the  rod-nuclei  show  dark  transverse  l»ands, 
a  condition  due  to  the  fact  that  the  end-regions  of  the  nuclei  stain  more 
deeply. 

The  retina  is  a  good  object  for  differential  staining,  as,  for  instance, 
with  hematoxylin-eosin,  henialoxylin-orange  G,  etc.  The  latter  rombina- 
tion  is  particularly  successful  in  staining  the  rod-  and  cone-ellipsoids. 
The  examination  of  tangential  sections  should  not  be  omitted. 

With  the  retina  the  best  results  are  obtained  by  means  of  Golgi's 
method.  Attention  must  be  called  to  the  fact  that  the  supporting  struc- 
tures of  the  retina  are  more  easily  impregnated  than  the  nervous  elements, 
and  that  the  latter  can  be  demonstrated  to  any  extent  only  in  very  young 
eyes. 

Ramon  y  Cajal  (94)  recommends,  the  following  method,  modi- 
fied after  (iolgi  :  After  the  removal  of  the  vitreous  humor  the  posterior 
half  of  the  eyeball  is  placed  for  one  or  two  days  in  a  mixture  containing 
3^.  potassium  bichromate  20  c.c.  and  iff>  osmic  acid  5  or  6  c.c.  I'he 
pieces  are  then  dried  with  tissue  pajier  and  placed  ina.o.'j^fi,  silver 
nitrate  soltnion  for  an  equal  length  of  time.  \Vithout  washing,  the  pieces 
are  immersed  for  from  twenty-four  to  thirty-six  hours  in  a  mixture  con- 
taining ^^/c  potassium  bichromate  20  c.c,  and  iff  osmicacid  2  or  3  c.c, 
and  then  again  carried  over  into  a  0.75^/,  silver  nitrate  sohition  for 
twenty-four  houi-s.  In  order  to  prevent  precipitation  it  is  advi.sable  to 
roll  u|i  the  retina  before  treating,  and  to  cover  it  with  a  thin  layer  of  a 
thin  celloidin  solution,  which  prevents  it  from  again  unrolling. 

The  niethylene-blue  method  (p.  184)  will  also  bring  out  the 
nervous  elements  of  the  retina,  although  the  results  are  not  quite  so  satis- 
factory as  those  obtained  by  Golgi's  method. 
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is  thickened,  forming  the  so-called  miicmimr  ru^gr,  which  possesses 

papiiis  and  is  supplied  v^ith  vessels  and  nen*es;. 

The  lamina  propria  ends  peripherally  in  a  ttuckened  ring  offibro* 
elastic  tissue,  the  anrmJus  /^rvsHS,  which  unites  at  the  sulcus  txm- 
panicus  n^-ith  the  periosteum  of  the  latter  The  lamina  propha  is 
composed  of  connective-tissue  fibers,  in  which  tM  o  layers  may  be 
distinguished — external ly.  the  radiate  fibers,  the  straimtt  rMiuMim, 
and  internally,  the  circular  fibers,  the  stratitm  ctrKn/arr.  The  exter- 
nal radiate  layer  extends  from  the  annulus  to  the  umbo  and  manu* 
brium,  and  is   interrupted   in  the  flaccid  portion  of  the  tympanic 
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Pig.  366. — Schematic  represenUition  of  ibe  complete  auditory  apparatus  (Schwdbe). 


membrane  by  the  upper  fourth  of  the  manubrium  and  the  short 
process  of  tlie  malleus  ;  it  gradually  thins  out  toward  the  ceiUer 
until  it  finally  disappears  in  the  vicinity  of  the  umbo.  The  filjcrs 
of  the  inner  (circular)  layer  arc  circularly  disposed.  This  layer  is 
thickest  at  the  periphery  of  the  tympanic  membrane,  bccnnnng 
gradual!}'  thinner  toward  the  lower  end  of  the  nKiruibrium.  where 
it  disappears.  Between  the  two  layers  of  the  lamina  f>ropria  is  a 
small  quantity  of  loose  connective  tissue.  The  manuhriutn  of  the 
malleus  is  inclosed  within  tlic  tympanic  membrane.  This  is  due  to 
the  union  of  the  fibers  of  the  radial  layer  with  the  outer  strata  of 
the  manubrial  perichondrium,  the  handle  of  ihc  nialleiis  bcin^  hci-e 
covered  by  a  thin  layer  of  cartilai^e.  In  the  posterior  upper  t)uad- 
rant  of  the  tympanic  membrane  the  two  layers  of  the  lamina  propria 
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intermingle,  foiming  irregularly  disposed  bundles  and  trabeculae, 
the  dendritic  Jihr on s  structures  of  G ruber. 

The  mucous  layer  of  the  tympanic  membrane  consists  of  sim- 
ple squamous  epitlieliiim  separated  from  the  lamina  propria  by  a 
thin  connective-tissue  layer  containing  but  few  cells.  It  likewise 
extends  over  the  handle  of  the  malleus.  In  the  flaccid  portion  of 
the  tympanic  membrane  the  lamina  propria  disappears,  so  that  in 
this  region  the  cutaneous  layer  and  the  mucous  membrane  are  in 
direct  contact. 


B,  THE  MDDLE  EAR, 

The  middle  car,  or  t\'mpanimT,  is  a  smaii  irregular  cavity,  filled 
with  air,  situated  in  the  petrous  jiortion  of  the  temporal  bone  be- 
tween the  bony  wall  of  the  inner  ear  and  the  tympanic  membrane, 
and  communicates  with  the  pharynx  through  the  Eustachian  tube. 
It  contains  the  small  bones  of  the  ear,  their  Hgamentous  attach- 
ments, and,  in  part,  the  muscular  apparatus  moving  them. 

The  mucous  membrane  lining  the  tympanic  cavity  is  folded  over 
the  ossicles  and  ligaments  of  the  t}'mpanum  and  is  joined  to  that  of  the 
tympanic  membrane  and  the  Eustachian  tube,  the  line  of  junction 
with  the  former  being  marked  by  the  presence  of  papilla-like  eleva- 
tions. 

The  epithelium  of  this  mucous  membrane  is  a  simple  pseudo- 
stratjficd  ciliated  epithelium,  having  two  strata  of  nuclei.  Cilia  are, 
however,  lacking  on  the  surface  of  the  auditory  ossicles,  on  their 
ligaments,  and  on  the  promontory  of  the  inner  wall,  as  w^ell  as  on  the 
tympanic  memijrane.  The  mucosa  of  the  mucous  membrane  is 
intimately  connected  with  the  periosteum,  and  may  now  and  then 
contain  short  isolated  alveolar  glands,  especially  in  the  neighbor- 
hood of  the  opening  of  the  Eustachian  tube. 

The  "auditory  ossicles"  are  true  bones  with  Haversian  canals 
and  lamellae  ;  with  the  exception  of  the  stapes,  they  contain  no 
marrow-cavity.  Very  distinct  jx^rivascular  spaces  are  seen  sur- 
rounding the  vessels  in  the  canals  (Rauber).  The  malleus  articu- 
lates with  the  incus,  both  articular  surfaces  being  covered  with 
hyaline  cartilage.  Within  this  articulation  we  find  a  fibrocartilagin- 
ous meniscus,  and  at  the  summit  of  the  short  limb  of  the  incus 
another  small  cartilage  plate.  Between  the  lenticular  process  of  the 
incus  and  the  capitulum  of  the  .stapes  is  another  Jlrticulation,  also 
provided  with  cartilaginous  articular  surfaces.  The  basal  plate  of 
the  stapes  is  covered  both  below  and  at  its  edges  with  cartilage,  as 
are  also  the  margins  of  the  fenestra  ovalis  (fenestra  veslibuli).  The 
basal  plate  is  held  in  place  within  the  fenestra  by  an  articulation, 
provided  with  tense  ligamentous  structures  on  the  t>'^mpanic  and 
vestibular  sides.  Between  these  the  connective  tissue  is  quite  loose. 
All  the  cartilaginous  portions  of  the  auditor)'  ossicles,  with  the  ex- 
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ception  of  the  articular  cartilages,  rest  on  the  periosteum  (Rudin- 
ger.  70). 

Th^  fenestra  rotmuia  (fenestra  cochleae)  is  closed  by  the  secon- 
dary' or  inner  tympanic  menYlirane,  a  connective-tissue  membrane 
containing  vessels  and  nerves,  the  outer  wall  of  which  is  covered  by 
dliated  epithelium,  the  inner  (the  surface  toward  the  scala  tympani) 
by  flattened  endotheh'al  cells. 

In  the  antrum  and  mastoi.l  cells,  the  mucosa  of  the  niucous 
membrane  is  immovably  fixed  to  the  periosteum.  The  epithclmm 
is  of  the  simple  squamous  variety  and  is  monciliated. 
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Fig.  367. — Cross-section  of  the  Eustachian  tube  with  its  surrounding  parts;  X  ^^  (from 
a  preparation  by  Profes-sor  Riidinger). 


The  mucous  membrane  of  the  osseous  portion  of  the  Eustachian 
tube  is  very  thin,  and  its  mucosa  is  intimately  connected  with  the 
periosteum.  Its  epithelium  is  of  the  simple  pscudostratified  ciliated 
variety,  having  two  strata  of  nuclei.  There  arc  no  gland.s.  The 
mucous  inembrane  of  the  cartilaginous  portion  of  the  Eustachian 
tube  IS  thicker,  and  its  epithelium,  whicli  is  of  the  stratified  ciliated 
variety,  is  higher,  and  often  contains  goblet-cells.  Lymphoid  tissue 
may  be  demonstrated  in  the  mucosa  of  this  portion,  and  occasion- 
ally structures  resembling  lymph-noduies  are  found,  especially  in  the 
vicinitj'  of  the  pliaryngeal  opening  of  the  tube.  In  the  cartilaginous 
portion  of  the   tube  are  raucous   glands,   which    are   particularly 


'''■  t;':-v^-  (Riidingcr,  72, 

tl  ;?art  yellow  clastic, 

>..::a  the  appearance  of 


-i<.- .i^  EAR. 

.:?  and  a  membranous  por- 

■   'iths;  the  latter  is  con- 

._     ?::uller,  presents  the  same 


-  T'  ivcriur  semicircular  canal. 

^  Vmpullae. 

y  Fenestra  ovalis. 


Bony  cochlea. 


^    •». 


.-It  Tvtunda. 


xT«\:  from  outer  side  :  The  6gure  represents  the 
i.<-vijs  portion  of  the  tem)X)ral  bone  down  to  the 


.  -.^^    :c  jbyriiith  (from  Quain,  after  Sommering). 

^     ^     <--.ctures  are  separated  by  a  lymph-space 

*v  rtvognize  a  central   portion  of  ovoid 

..    •  -ir.-ji.-.  the  outer  wall  of  which  forms  the 

,.'.  "  And  presents  two  openinjjs,  the  fenestra 

.  ^. ..   ■■c,"via.  separated  by  a  rid^e  known  as  the 

,.^  ..,._^-  xwrnos  continuous  with  the  lower  portion 

7c.-  •■-*'  •^"J  mesial  to  the  vestibule  and  having 

-,     V  ,"..v.     From  the  posterior  portion  of  the  \es- 

s.!^,cv>.'«««"'  canals,   known   respectively  as  the 

.:  s  -**„-•; Vi/i/r  canal,  the  anterior  superior  vertical, 

,.  '.•,r  :e'tiea/  semiiircn/ar  cana/s.     The  canals 

»   ;v  vestibule  by  means  of  five  openings,  the 

.  X  .^  ♦A'rtions  of  the  anterior  and  posterior  canals 

V  .'ci.i.':s  cofMntnnis  bcf<jre  reaching  the  vestibule. 

^'  ^^>s^"■::  near  their  origin  from  the  vestibule  enlarge- 

■  X  :V  nV<**>^"-'*  »^"^P"^^'^*-      rh<-' <>sscous  labyrinth  is 

' »,  ./•  >\  a  5hi«  layer  of  periosteum,  covered  by  a  layer 


THE    INTERNAL    EAR. 


481 


The  membranous  labyrinth  diflers  in  shape  from  the  osseous 
labyrinth  in  that,  in  place  of  the  single  chamber  (vestibule)  of  tlie 
latter,  the  membranous  labyrinth  presents  two  sacs,  the  utriculus 
and  the  sacculus,  united  by  a  narrow  duct,  the  utriculosaccular 
duct  The  utriculus  is  the  larger,  and  from  it  arise  the  membran- 
ous semicircular  canals.  These  present  ampullae,  situated  within 
the  osseous  ampulla?  previously  mentioned.  The  sacculus  com- 
municates with  the  cochlear  duct  by  means  of  the  canalis  reunietis 
(Hensen).  From  the  utriculosaccular  duct  arises  the  ductus 
endolymphaticus,  which  passes  through  the  aqucductus  vestibuli 
and  ends  in  a  subdural  saccus  endolymphatUus  on  the  posterior  sur- 
face of  the  petrous  portion  of  the  temporal  bone. 

In  the  membranous  labyrinth  the  ner\'es  are  distributed  over 
certain  areas  known  as  the  macula,  cristiS,  and  papilla  spiralis. 
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Fig.  369. — Membranous  labyrinth  of  the  right  car  frtmt  five-month  human  embryo  (from 
Schwalbe,  after  ReUiius). 


There  is  a  macula  within  the  recess  of  the  utriculus,  the  viacula 
acitstica  utficuli ;  and  another  within  the  sacculus,  the  macula 
acusdca  sacculi ;  cristae  are  present  in  the  ampullar  of  Uie  upper, 
posterior,  and  lateral  semicircular  canals,  the  crista:  ampullarcs  sup.^ 
post.,  ct  lat.  Besides  these,  we  have  the  terminal  arborization  of 
the  acoustic  ncr\'e  in  the  membranous  cochlea,  the  papilla  spiralis 
cochlcw,  or  the  organ  of  Corti. 
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of  the  c^ll      Tre   t^:r-.-._-  ir;  r<»r^.*ir  c^vrvrv  Ar^v-^^ 

>r:!T  li^f   szjzb.   .xtifr.  c:jL<^"sr  :>-  :Vrr.:  s::^^:^^  :>,:v*x^      <V 
le   surf::=    ::'  thi    -cctbilzur::.  Trri.'h    rtusi   Sc   rv^jtTvxv,   as    a 
neur:— t;:.tj:r^_r:   ir^  rr.-5Cil<  •?£'  ciljtu~  v^Ar^oKgi?i\  VtS'^^***  **  .*'.^ 
/i/As.  t^zz  ::'     >.::-    -.jIj^^s  i  =ir.u^:  .-x-i-i".  \ac;;xVC  v^""^-"^^' 
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Tr.t  T. -: r---:.v^.-  ^::r.j;  :.^  the  kvijuIa  -.xwirA^r  the  >»J|V.,  Jt'S\ 
ur.ier  ih-r  t^ttheliur?..  ur.itfrs;.^  c:choto:r.v^-:s  <:.\'.n:vV,.  a">:.  AtVo:  ;;: 
:her  ivifii-r..  :':rrr..  in  the  rv-por.  v^ftho  h.i<-.>»r  c-.vls  vV  ;h<'  auo>,;o?\ 
ce'.Is.  a  plex-s  c^r.sUtir.^  o:*  nr.e  ran^::x\%::vV*s,  utvi  os«hrj*o*,«};  tV 
lower  ends  :■:'  the  ajdit-.^rx-  cells,  A  :'c\v  r.Si^rs  o\:c:ui  s;;V.  !u»:\'v 
upward,  where  their  telodendna  enter  ir.tv^  :v.:::r.A:o  iv'utions  \\s:h 
the  acoustic  ceils  .  v.  Ltnhossck.  04,  1  v. 

The  structure  of  the  sacculus  is  in  every  rx^stxv;  ako  Oul  xMtV.o 
utriculus.  and  a  further  descriotion  of  it  is  thcrv^fore  x:nm\x\sji,u\. 


2.  THE  SEMICIRCULAR  CANALS. 

The  membranous  semicircular  canals  art*  altaclu\l  at  thoir  c\mv 
vex  surfaces  to  the  periosteum  of  the  bi>ny  canals,  which  ihov  oulv 
partly  fill,  the  remaining  cavity  bcinj:  occupied  by  an  tVivntricaUv 
situated  perilymphatic  space  traversed  by  conntvlivtMissuo  traUv\ila\ 
The  walls  of  the  perilymphatic  s|uces  of  the  semicircular  canals, 
like  those  surroundinfj  the  utriculus  and  the  s;»cculus,  an*  linctl  by 
endothelium,  which  covers,  on  the  one  hand,  the  jHTiosleal  surface 
of  the  bony  semicircular  canals,  and.  on  the  other  hand,  the  o\Uer 
wall  of  the  membranous  canals,  toj^ether  with  the  conned ive  tissue 
trabecular  The  connective-tissue  walls  of  the  membranous  canals 
are  structurally  similar  to  those  of  the  utriculus  and  saccubis. 
Hensen  compares  their  structure  to  that  of  the  substantia  piopiia 
of  the  cornea.  In  the  adult,  the  inner  layer  of  the  wall  ol"  the 
canals  supports  here  and  there  papillar>'  elevations,  which,  however, 
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itvides  the  bony  cochlear  canal  into  two  parts,  the  division  being 
completed  by  a  hbruus  tissue  membrane,  the  lamina  spiralis  mcfti- 
branacta,  which  extends  from  tJie  free  edge  of  the  osseous  spiral 
lamina  to  a  thickened  periosteal  ridge,  the  Itg'amfNfNm  spiralc,  lining 
the  outer  wall  of  the  bony  cochlear  canal.  The  canal  above  the 
lamina  spiralis  (bony  and  membranous)  is  known  as  the  scala 
vestibuli,  that  below  as  the  scala  iympani.  Both  arc  peril>'mphatic 
canals,  and  communicate  in  the  region  of  the  last  half-turn  of  the 
cochlea,  by  means  of  a  narrow  canal,  the  hiiicotrema,  partly  sur- 
rounded by  the  termination  of  the  bony  spiral  lamina,  the  hamulus. 
The  scala  vestibult  is  in  free  communication  with  the  [>erilymphatic 
space  of  the  vestibule  ;  while  the  scala  tympani  communicates  with 
perivascular  spaces  surrounding  the  veins  of  the  cochlear  aqueduct, 
which  latter  empty  into  the  jugular  veins.  The  scala  tympani  ter- 
minates at  the  secondary  tympanic  membrane,  closing  the  fenestra 
rotunda. 

The  coclUcar  duct,  which,  as  will  be  remembered,  communicates 
with  the  sacculus  by  means  of  the  canalis  reuniens,  is  a  long  tube 
closed  at  both  ends,  the  one  end  representing  the  vestibular  sac.  or 
ccecnm  7'cstibu!an\  and  the  other  the  cu[joIar  extremity,  or  ciecum 
cNpolan\  also  known  as  the  lagena.  The  cochlear  duct  forms  about 
two  and  three-fourths  spiral  turns,  its  length  being  about  3.5  mm. 
Its  diameter  gradually  increases  from  its  lower  to  its  upper  or  distal 
extremity'.  The  cochlear  duct  lies  above  the  lamina  spiralis,  and, 
in  a  section  of  the  cochlea  parallel  to  the  long  axis  of  the  modiolus, 
it  is  of  nearly  triangular  shape,  with  the  somewhat  roimded  apex 
of  the  triangle  attached  to  the  osseous  lamina  s[)iralis.  In  the 
cochlear  duct  we  may  distinguish  the  following  parts  :  ( i)  the  outer 
wall,  which  is  intimately  connected  with  the  periosteum  of  the  bony 
cochlear  canal  ;  (2)  the  tympanal  wall,  resting  on  the  membranous 
basilar  membrane,  with  its  highly  differentiated  neuro-epithchum, 
the  spiral  organ  of  Corli ;  and  (3)  the  vestibular  wall,  bordering  on 
the  scala  vestibuli.  the  intervening  structures  forming  a  very  delicate 
membrane^ — the  vesiiifiilar  or  I\t  issuer  s  mefuhrane. 

From  the  account  given  tlnis  far.  it  may  be  seen  that  within  the 
bony  cochlear  canal  there  are  found  three  membranous  canals, 
running  parallel  with  one  another  and  with  the  osseous  lamina  spi- 
ralis about  which  they  are  grouped.  Two  of  these  membranous 
canals,  the  scala  vestibuli  and  the  scala  t)*mpani,  are  perilymphatic 
spaces,  and  are  consequently  lined  by  endothelial  cells  ;  between 
them  is  found  the  cochlear  duct,  from  its  position  known  also  as 
the  scal(X  tncdia,  lineil  by  epithelial  cells.  These  three  membranous 
canals  retain  their  relative  position  in  their  spiral  course  about  the 
modiolus,  and.  in  a  section  through  the  cochlea  parallel  to  the  bony 
axis  of  the  modiolus,  would  be  met  with  at  each  turn,  and  at  each 
turn  present  essentially  the  same  relative  position  and  structure. 
In  figure  372,  which  is  from  a  longitudinal  section  of  the  cochlea 


F"'g'  372 — LongiiuHiual  action  of  the  cochlea  of  n  cat  ;  X  25-  This  6gun  gives  a 
general  view  of  the  CKhlca,  The  cochlear  duel  i»  met  with  six  times  in  the  section  :  Jf, 
cochlear  duct  ;  j^s/>,  spiral  jjangHon  ;  A'n,  osseous  cochlear  wall ;  /j/,  ligamentum  spirale  ; 
msf,  membrana  spiralis;  mjj,  membrana  vcstibitlari^  or  Kei^stier's  membrane  ;  n,  nenrus 
cochlearis;  sc/^  soda  tympAni;  i<-r',  seals  ve»tibu]i  (Sobotta,  "Atlas  and  Epitome  of 
Hislolog>'"). 

The  lamina  spiralis  ossea  consists  of  two  bony  plates  which  in- 
close between  thim  the  ramifications  of  the  cochlear  nerve.  The 
vestibular  surface  of  the  osseous  lamina  spiralis  is  covered  by  peri- 
osteum, which  is  continuous  with  a  jx-culiar  tissue,  known  as  iitubus 
spiralis.    The  latter  bejjins  at  the  point  of  attachment  of  Reissncr's 
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membrane,  extends  peripherally  (externally),  and  ends  in  two 
sharp  ridges,  of  which  the  shorter,  the  labium  zrcstibulare,  projects 
into  the  inner  space  of  the  cochlear  duct  and  continues  into  the 
tectorial  membrane  ;  while  the  other  and  longer,  the  labium  tytn- 
panicutn,  becomes  attached  to  the  wall  of  the  scala  tympani  and 
continues  into  the  basilar  membrane,  l^tween  the  two  ridges  is  a 
sulcus,  the  sulcus  spiralis  internus.    (Fig.  373.)    The  limbus  spiralis 
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Fig.  373- — Section  through  one  of  the  luros  of  the  osseous  and  membranous  coch- 
lear ducts  of  the  cochJea,  uf  a  guinea-pig  ;  X  9°*  ^»  Scala  vestibuli  ;  m^  labium  vestibu- 
tare  of  the  Hmbus;  m,  sulcus  spiralis  iniemus;  o,  nerve-fibers  lying  in  the  lamina  spi- 
ralis ;  /,  ganglion  cells  ;  </,  blood-vessels;  <i,  bone  ;  b^  Reissner's  membrane  ;  Dc,  ductus 
cochlearis;  */,  Corti's  membrane;/,  prominentia  spiralis ;  ^^  orgau  of  Corti ;  h^  liga- 
mcntum  sptrale  ;  /,  crista  bastlaris  ;  k^  scala  tympani. 


is  a  connective- tissue  formation  in.  the  region  of  the  cochlear  duct 
connected  with  the  periosteum  of  the  osseous  spiral  lamina  and 
extending  from  the  point  of  attachment  of  Reissner's  membrane 
to  the  labiunn  tympanicum.  The  tissue  of  the  limbus  spiralis  is 
dense  and  richly  cellular,  and  simulates  in  its  structure  the  sub- 
stantia propria  of  the  cornea,     A  casual  view  would  seem  to  disclcse 
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ward  the  cochlear  duct  is  known  as  the 

■Aard  the  scala  tympani  as  the  tympanic 

tic  differentiated  in  the  basilar  membrane, 

pria  and  the  tympanic  imtesting  layer.     The 

ts,  in  turn,  of  (i)  radially  arranged  basilar 

rings  ;  (2)  two  thin  strata  of  a  homogeneous 

and  the  other  below  the  layer  of  basilar  fibers, 

IS  the  thicker  and  nucleated  ;  and  (3)  a  fine  cuti- 

brigin,  lying  on  the  cochlear  side.     The  tympanic 

I  highly  developed  in   youth,  but  later  becomes 

then  be   differentiated  into  a  connective-tissue 

i>  a  periosteal  continuation  of  the  tympanic  por- 

us  lamina  spiralis,  and  an  endothelial  cell  layer 

lining  of  the  perilymphatic  space  or  the  scala 

;  1 1«:  vicinity  of  the  labium  tympanicum  is  a  blood- 

I  u  ithin  the  tympanic  investing  layer  of  the  basilar 

II  '  vas  spirale. 

membrane  consists  of  an  exceedingly  thin  connective- 
i,  iined  on  the  side  of  the  cochlear  duct  by  a  layer  of 
pithelial  cells  and  on  the  vestibular  side  by  a  layer  of 
cells.  The  epithelium  lining  the  cochlear  duct  is  occa- 
t.iised  into  small  villus-like  projections. 
■  o  Organ  of  Corti. — In  the  region  of  the  labium  tympan- 
•f  the  limbus  spiralis  and  in  the  greater  portion  of  the 
:ig  basilar  membrane,  the  epithelium  of  the  cochlear  duct  is 
.  irly  modified,  forming  here  a  neuro-cpithclium,  which  receives 
.  iminal  raniiFications  of  the  cochlear  nerve  and  is  known  as  the 
«ml  or^an  of  Corti. 
Passinj^^  from  the  labium  tympanicum  to  the  ligamentum  spirale, 
llife  following  three  regions  may  be  recognized  in  the  organ  of 
Corti :  An  inner  region,  composed  of  the  inner  sustentacular  cells 
;intl  the  inner  auditory  cells  ;  a  middle  region,  consisting  of  the 
arches  of  Corti ;  and  an  outer  region,  in  which  are  found  the  outer 
auditorj'  cells  and  the  outer  sustentacular  cells  or  Deiters's  cells. 
Two  cuticular  membranes  are  in  close  relationship  to  the  organ  of 
Corti :  namely,  the  lamina  reticularis  and  the  membrana  tectoria,  or 
membrane  of  Corti. 

In  figure  374,  a  sketch  of  the  organ  of  Corti  and  adjacent 
structures,  it  may  be  observed  that  the  epithelium  lining  the  sulcus 
spiralis  intern  us  (at  the  right  of  the  figure)  is  of  the  pavement 
variety,  and  that  the  epithelium  becomes  gradually  thicker  until  the 
organ  of  Corti  is  reached,  where  it  becomes  suddenly  elevated  in 
the  form  of  a  wall.  In  this,  two  varieties  of  cells  are  distinguished 
— sustentacular  cells  and  inner  auditory  cells.  The  sustentacular 
cells,  which  follow  the  flattened  cells,  become  gradually  higher 
from  within  outward  and  occupy  three  or  four  rows.  Next  come 
the  inner  auditory  cells,  cylindric  elements,  somewhat  rounded  and 
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a  high  columnar  epithelium,  but  upon  closer  obserx 
that  the  cellular  elements  are  interspersed  with  fibc 
to  the  surface.     Some  investigators  regard  this   l 
tilage;  others,  again,  as  a  tissue  sut  g-cftens,  consi 
cells  mingled  with  connective-tissue  fibers.    If  tht 
of  the  limbus  spiralis  be  examined  from  the  \ 
number  of  irregular  tubercles  are  seen  at  its 
Reissner's  membrane),  while  at  its  outer  porti' 
posed    ridges  may  be    observed,  the   so-cal 
Huschke.    The  connective-tissue  wall  of  the 
consists  of  a  nonnucleated  fibrillar  tissue  wh 
labium  tympanicum.    The  latter  is  perforat 
rise  at  this  point  to  the  foramina  nervosa. 

Between  the  point  of  attachment  of 
the  labium  vestibulare,  the  superficial  epit 
is  flat,  and  lines  the  auditory  teeth  ai 
them  in  a  continuous  layer.     The  epi' 
internus  is  somewhat  higher. 

The  liiEanientum  spirale  forms  t' 
outer  wall  of  the  osseous  cochlear  c; 
projecting  ridges,  the  crista  basih 
lamina  spiralis  is  attached,  and  th* 
tains  one  or  several  blood-vesseh 
sulcus  spiralis  extemus.     The 
forming  the  periosteum  of  the 
fibrous  tissue  containing  man^ 
a  looser  connective  tissue.     T 
the  outer  wall  of  the  cochlear 
elements  and  blood-vessels, 
a  hyaline,  noncellular  tissur 
That  portion  of  the  spiral  ' 

spiralis  and  the  attachm*  .  .^j^    ^  ^^^  \^  figure 

the  stria  vascularis,  TW  >.  a  space  ^^^^'^^^^^j  ^,f  c^rti. 
the  epithelium  lining  the  sx"*^. .  ^^  distinguish  inner  and  outer 
granulated  cells,  which  ^^  P*^^"' Jrous  than  the  outer.  Including 
the  appearance  of  a  stra^^.  "t^iTa  spiralis  membranacea.  we  find  that 
mterpreted  as  an  epit'^  <  d»f  ^t„^  and  4500  of  the  outer  piUar 
epithelium  shows  no  --*_^  ii  the  inner  ana  45^ 
nective  tissue.  Bcro"' 
lary  network,  cert  -  origi"^^ 

(Retzius>     It  is  u.J»."73protoplai 
the  formation  of  ■J»J*»_'!Lded  as  a  remnant 

The  memb'' 
extends  from  t' 
crista  I^asilaris 
As  alrea-* 
cum  of  the 


\ 


.    .uembiane  is  raised;   r,  outer  sus- 

..iilar  cells;  e^  tectorial  membrane ;  A, 

fi'S^lifinternus;  *.  labium  ve^ 

'  ^^,^«ll»-  «.«,  nen-e-fibers  which 

•    'llrflTf.  n'^ile-fibirs';  *.  ^  basilar  mem- 


.  :  ktfwiu*)- 


374. 


ftom  an  epithelial  cell,  and  is  found 

I  **«"'*'^,n^roortion  containing  the  nucleus. 

-^-  »Pr'°C^of  the  primitive  cell.and  o  a 

"'-"*1L*i«d«*'^?fTri^e  orimitive  cell,  forming  the 

tiiS^farX^be'^^^^^^^^     The  free  adioining 

3jJ7t|w  IwWa' 5^"    ^^1      ^^  i^ead  of  the  mner 

52  tfic  ^-"^/^iJla  orocess,  t^^    head-plate,  which 

^^^-^^:^T.Xrol^^^^  of  the  head  of  the 
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'"oression  into  which  fits  the  head  of  the  outer 

extends  outward  in  the  shape  of  a  pfialan- 

'^CGSs,t\\Q  phalangeal  process,  at  its  end. 

■•ss  lie  under  the  head-plate  of  the 

a  little  beyond  this,  forming  an 

outer  pillar.     At  the  inner  side 

->  a  convex  articular  surface,  with 

cisionally  even  three,  articular  sur- 

•nc  in  contact.     The  outer  and  inner 

.111  indistinct  longitudinal  striation,  and 

iitinuous  with  the  extremely  fine  cuticula 

mbrane.     The  inner  margins  of  the  basilar 

liic  inner  pillars  border  on  the  foramina  ner- 

trr  margins  of  the  basilar  plates  belonging  to 

■  :onic  in  contact  with  the  basal  end  of  the  inner- 

•  cells  of   Deiters  in  the  outer  region  of  Corti's 

:)iotoplasmic  portions  of  the  pillar  cells,  constituting 

.i)\vn  as  basal  cells,  lie  against  the  basilar  plates  of  the 

uliiig  pillars, — /.  e.,  on  the  basilar  membrane, — and  partly 

..n;  bodies  of  the  pillars,  especially  the  surfaces  toward  the 

In  order  to  comprehend  the  relative  position  of  the  inner  audi- 
iny  cells  to  the  inner  pillars,  it  may  be  stated  that  one  auditory 
cell  rests  upon  every  two  inner  pillars. 

The  outer  region  of  Corti's  organ  is  joined  directly  to  the  outer 
pillar  cells,  and  consists  of  four  rows  of  auditory  cells  alternating 
with  an  equal  number  of  sustentacular  cells  or  Deiters's  cells. 
Following  these  structures  and  in  contact  with  them  are  the  outer- 
most sustentacular  cells,  known  as  Hensen's  cells. 

The  outer  auditory  cells  have  a  structure  similar  to  that  of  the 
inner  auditory  cells,  but  possess  a  more  slender  body.  They  do 
not  extend  as  far  as  the  basilar  membrane,  but  end  at  a  distance 
from  the  latter  equal  to  about  double  their  own  length.  The  cutic- 
ular  zone  of  each  outer  auditory  cell  likewise  assumes  the  form  of 
an  ellipse,  with  its  long  axis  pointing  radially.  The  surface  of  this 
zone  also  is  provided  with  about  twenty  stiff  auditory  hairs, 
arranged  in  the  form  of  a  decidedly  convex  arch,  the  convexity  of 
which  points  outward.  At  a  short  distance  from  the  cuticular  zone 
of  each  outer  auditory  cell  is  a  peculiar  round  body,  found  only  in 
these  cells,  the  significance  of  which  is  unknown. 

Deiters's  cells  rest  on  the  basilar  membrane,  and  in  shape  resem- 
ble a  flask  with  a  narrow  neck,  known  as  the  phalangeal  process, 
the  latter  lying  between  the  auditory  cells.  The  nuclei  of  Deiters's 
cells  lie  in  the  upper  parts  of  the  thickened  basal  portions  of  these 
cells. 

With  each  Deiters's  cell  there  is  associated  a  cuticular  structure, 
which  extends  along  the  surface  of  each  cell  in  the  form  of  a  thin 


,     _•—    -  found  partly  within  and 

-:     ^--c;  ^cu^ar  fiber  begins  near  the 

.  \::c  ::t^I-body  and  extends  first 

-r-^     •   .r.c  surtace,  and,  entering  the 

_   -.-         T     V  :i'  me  cell  and  expands  as  a 

—     ■to-T;,  .i:  riate  has  been  given.    The 

^.~  V"=  -  r^^^^s,  and  since,  as  we  shall 

, -  -T    .i:w!i  to  one  another,  as  well  as  to 

jv-— ii-  :?.-ces  of  the  outer  auditor^'  cells, 

,.^      «.  "•cr:::  ^>:  ^IIs  of  Deiters  and  the  auditory 

^     ::. -v        :x   .xKT  pillafs  and  the  innermost  of  the 

^    .•.•».-?  £5  y^'Ps  space.     To  the  basal  regions 

■X  --i'l:?  ,-c  Deiters  is  joined  the  basal  plate  of 

..^  •    :x  avJti^  >x^  Corti. 

-    v.v-  -.^w  .'^  rVfiters's  cells  are  the  cells  of  Hensen, 

.   ^ ...         .;.-.•...:  ^'vir:  riiiiily  disposed  rows.     They  form    an 

...  V  c-   *  ■-•.  r  >  r-.v::  rrfrr«iily.  but  gradually  decreases  in  height 

s,,    ..:  X  -t.imr»>-a:  narrowed  bases  of  Hensen's  cells  prob- 

-,      x,v:^..  »cK^*:  ^vcvpcion.  to  the  basilar  membrane.    The  free 

>j.    T-.\-v  .1  ;rv^  cx-l.<  irr  likewise  covered  by  a  thin  cuticular  mem- 

».  .:v      -f  ^'^*  *-'^-  -'^••^  of  Hensen  usually  contain  yellow  pigment ; 

!V  j:iii-v?i-."cj:,  itf  a  rule,  fat ;  and  in  the  rabbit,  generally  rudi- 

nvtc^  .•»  ja.a^'r.ucu'.ar  fibers.   Externally  the  cells  of  Hensen  gradu* 

ii  '    .-•a-'^jLi'  -.rtv^  clcnKHts  of  a  more  cuboid  type — the  cells  of 

TlwfcM'  .">'  nh:oh  there-  are  about  ten  rows,  radially  disposed.  The 

sj.  •i;.'v'«"s  .V  :hc  i.uicr  also  possess  a  cuticular  margin  ;  the  nucleus  is 

it:  rv  cerrcr  v>f  each  cell  and  pigment  is  also  present.     Darker 

,',o-v-Si  w:th  more  basally  situated   nuclei  sometimes  occur  be- 

rAi'.v:";  :hv"^'  ooiis.  giving  rise  to  the  appearance  of  a  double-layered 

^A;hc!:;:m  iRMtchor's  cells). 

rh;;5  far  we  have  considered  in  detail  the  cells  comprising  the 
OT^an  of  Corti.  and  described  their  relative  positions  and  sequence 
l?os«  within  outward.  In  order  to  give  a  clearer  understanding  of 
the  mutual  relations  of  these  cells,  from  within  outward  and  in  the 
direction  of  the  spiral  turning  of  the  cochlea,  we  shall  now  consider 
the  ap|x\irance  presented  in  a  surface  view  of  the  organ  of  Corti. 

Fn.^m  within  outward  a  surface  view  of  the  organ  of  Corti  pre- 
sents the  following  characteristics  :  The  somewhat  broadened  hex- 
agonal outlines  of  the  inner  sustentacular  cells  adjoin  the  epithelial 
olcmonts  of  the  sulcus  spiralis  internus  and  terminate  externally  in 
a  spiral  undulating  line  (if  seen  for  only  a  short  distance,  this  line 
apiKMrs  straight).  On  this  line  border  the  contours  of  the  cuticular 
zones  IxMonging  to  the  inner  auditory  cells.  The  outer  margins  of 
tho  cuticular  zones  come  in  contact  with  the  head-plates  of  the 
inner  pillars,  tho  cuticular  zone  of  one  inner  auditoiy  cell  coming  in 
contact  with  at  Ica.st  two  head-plates.  The  externally  directed  pro- 
cesses of  the  head-plates  belonging  to  the  inner  pillars  come  in 
contact  with  one  another  and  end  in  a  spiral  line  which  for  a  short 
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distance  is  apparently  straight  The  hcad-plates  of  the  inner  pillars 
cover  the  hcad-plates  of  tlie  outer  i>illars  (which  also  come  in  con- 
tact with  each  other),  also  their  phalangeal  plates,  but  not  their 
phalangeal  processes,  which  thus  pro- 
ject beyt>nd  the  line  formed  by  the 
outer  borders  of  the  hcad-plates  of 
the  inner  pillars.  It  should  be  men- 
tioned that  about  three  head-plates 
belonging  to  the  inner  pillar  cells  are 
in  apposition  to  every  two  head-plates 
and  their  phalangeal  processes  of  the 
outer  pillar  cells.  The  succeeding 
four  rows,  from  within  outward,  are 
made  up  of  alternately  placed  ciitic- 
ular  zones  of  the  outer  hair  cells  and 
the  phalangeal  plates  of  the  Deiters's 
cells,  alternating  like  the  squares  of  a 
chess-board.  This  regular  arrange- 
ment is  lo.st  in  the  outer  row  of 
Deiters's  cells.  The  cells  of  Henscn 
adjoin  this  row,  and  when  viewed  from 
the  surface,  present  the  appearance  of 
irregular  polygons. 

This  arrangement  is^  however,  sel- 
dom found  to  be  as  typical  as  that 
just  described  ;  although  the  relations 
of  the  cells  to  one  another  always 
correspond  in  general  to  the  forego- 
ing scheme. 

In  the  cupolar  and  vestibular  sacs 
the  neuro-epithelium  changes  into  an 
epithelium  of  an  indifretent  type. 

The  lamina  reticularis  is  formed 
by  the  cementing  together  of  the  pha- 
langeal processes  of  the  outer  pillars 
and  the  phalangeal  plates  of  Deiters's 
cells,  and  is  continued  externally  by  a 
cuttcular  membrane  which  covers  the 
cells  of  Hensen  and,  as  a  much  thin- 
ner cuticular  membrane,  extends  over 
the  cells  of  Claudius.  In  this  mem- 
brane there  are  found  three  or  four 
rows  of  small  apertures,  into  which 
the  outer  hair  cells  project. 

The  membrana  tectoria  Cortii  is 
attached  to   the   limbus   spiralis,    but 

becomes  free  at  the  margin  of  the  labium  vestibulare  and  thick- 
ens considerably,   again   becoming   thinner   toward    its    free   end. 


Fig.  375' — Suifice  of  the  organ 
of  Corli,  with  the  surrounding  simc- 
tures,  from  Ihe  haml  turn  of  the 
Cochlea  of  «  new  hum  chilii ;  the 
original  drawing  reduced  one-haif 
(.after  Relzius,  84):  <i,  Kpilhclium 
uf  the  sulcus  spiralis  externu'H ;  /', 
Hcnsen's  cells;  i,  terminal  frame; 
i/,  phalanges  ;  /.  outer  auditory  cells; 
^■'i  liallened  processes  of  the  outer  pil- 
lar cells;  A,  flattened  processe-s  of  the 
inner  pillar  cells;  /,  inner  auditi>ry 
cells;  ;f,  inner  sustentacukr  cells; 
/,  epithelium  of  the  sulcus  spimlis 
tntcrnus ;  w,  rhargin  of  the  luhiutn 
ve-siibulare ;  «,  epithelium  of  the 
limbus  lumiuic  .spiralis;  /',  line  of 
attjichment  of  the  membrana  Reiss- 
neri ;  /,  epithelium  of  the  mennbrana 
Reissncri,  the  latter  inverted. 


THE   INTERNAL   EAR. 


495 


and  cristae  the  capillary  networks  arc  numerous  and  finely  meshed, 
but  in  the  remaining  porbons  of  the  uthculus,  sacculus.  and  semi- 
circular canals,  they  form  coarser  networks.  The  cochlear  branch 
accompanies  the  divisions  of  the  auditor)-  nerve  as  far  as  the  first 
spiral  turn  of  the  cochlea  ;  the  arteries  supplying  the  remaining 
turns  enter  the  axis  of  the  modiolus,  where  they  divide  into 
numerous  branches.  The  latter  are  coiled  in  a  peculiar  manner, 
forming  the  so-called  glonteruli  artcriosi  cocklid.  From  these, 
branches  are  given  off  which  penetrate  the  vestibular  wall  of  the 
lamina  spiralis  ossea,  where  they  supply  the  limbus  spiralis  and  the 
small  quantit)^  of  connective  tissue  iw  the  membrana  vestibularis. 
Other  branches  surround  the  scala  vestibuli.  supply  the  walls  of  the 
latter,  and  then  continue  to  the  ligamcntum  spiralc.  the  stria  vascu- 
laris, and  the  lamina  basilaris. 


Dc 


Fig.  376. — Scheme  of  distribution  of  blood-vessels  in  labyrinth  (afler  Eichler); 
g.  Artery  ;  A,  spiral  ganglion  ;  1,  vein ;  r',  scata  vestibuli ;  D<-,  ductus  cochleoris  ;  (,  cap- 
illaries in  the  ligatnentum  spirale  ;  1/,  capillaries  in  the  Hmbus  spiralis  ;  /;  scala  tytnpani. 

The  venous  trunks  lie  close  to  the  arteries  and  receive  their 
blood  from  the  veins  which  lie  at  the  tympanal  surface  of  the  lamina 
spiralis  and  from  those  which  encircle  the  outer  wall  of  the  scala 
t\'mpani.  The  former,  in  turn,  receive  their  blood  from  the  capil- 
laries of  the  limbus  spiralis  ;  the  latter,  principally  from  the  region 
of  the  ligamentum  spirale  and  the  basilar  membrane. 

From  this  description  it  is  seen  that  the  arterial  channels  are 
connected  with  the  scala  vestibuli.  the  venous  with  the  scala  t>'m- 
pani,  and  that  the  inner  blood  stream  circulating  through  the  lamina 
spiralis  and  limbus  spiralis  is  separated  from  the  blood  current  of  the 
two  .scal^,  the  ligamentum  spirale.  and  the  crista  basilaris  (Eichler). 

The  entire  membranous  labyrinth  is  filled  with  eudolymph.  The 
ductus  endolymphaticus  is,  as  will  be  remembered,  a  canal  ending 
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under  the  dura  in  a  saccus  endolymphatiais.  In  connection  with 
the  latter  are  epithelial  tubules  bordering  upon  lymph-channels, 
with  which  tiiey  probably  communicate  by  means  of  interepithelial 
(intercellular)  spaces  (Riidiogcr,  88).  The  efterent  channels  for 
the  perilymph  of  the  vestibule  extend  along  the  nerve  sheaths  of 
those  nerves  supplying  the  maculie  and  cristae  ;  these  passageways 
finally  communicate  with  the  subdural  or  subarachnoid  spaces. 
The  perilymph  of  tlie  cochlea  is  carried  off  by  the  adventitious 
tissue  of  the  vena  aqueductus  cochleae,  the  lymph-vessels  of  which 
empty  into  certain  subperiosteal  lymph-channels  near  the  inner 
margin  of  the  jugular  fossa. 


4.  ON  THE  DEVELOPMENT  OF  THE  LABYRINTH. 

In  man  the  epithelium  lining  the  membranous  labyrinth  origi- 
nates from  the  ectoderm  as  a  single-layered  epithehal  vesicle,  the 
auditory  vesicle  or  the  otocyst.  during  the  fourth  week  of  embryonic 
life.  After  being  constricted  off  from  the  ectoderm,  this  vesicle 
lies  in  the  vicinity  of  the  epencephalon  and  is  surrounded  by  mesen- 
chyme. The  auditory  vesicle  then  develops  a  dorsomesial  evagina- 
tion,  which  gradually  grows  larger  and  finally  becomes  the  ductus 
endolymphaticus.  An  cvagination  also  occurs  in  the  ventral  wall 
of  the  vesicle,  the  recessus  cochlcce.  At  the  same  time  the  mesial 
wall  is  pushed  inward,  thus  incompletely  dividing  the  vesicle  into 
two  smaller  sacs~thc  dorsal  utriiuius  and  the  ventral  sacculus. 
From  the  utricular  portion  there  arises  a  horizontal  cvagination. 
flat  and  quite  broad — the  first  trace  of  the  lateral  or  horizontal 
semicircular  canal  ;  soon  after,  another  cvagination,  vertical  and 
still  broader  than  the  first,  is  seen — the  anlage  of  the  other  two 
canals.  The  outer  portion  of  these, pouches  gradually  expands, 
wliilc  in  the  middle,  the  two  layers  of  each  cvagination  come  in 
contact  with  each  other  and  coalesce,  finally  becoming  absorbed. 
In  the  vertical  cvagination  two  such  areas  of  adherence  are  found, 
thus  forming  a  superior  and  a  posterior  canal,  both  having  a  com- 
mon crus  at  one  end. 

The  recessus  cochlese  grows  both  in  a  longitudinal  and  in  a  spiral 
direction,  forming  the  cochlear  duct. 

In  the  immediate  vicinity  of  the  membranous  labyrinth,  the 
mesenchyme  is  differentiated  into  a  connective-ti.ssue  wall  for  the 
former.  The  successive  layers  of  mesenchyme,  except  in  those 
areas  where  the  membranous  labyrinth  later  becomes  adherent  to 
the  osseous,  are  transformed  into  a  mucous  connective  ti.ssue.  The 
latter  is  surrounded  by  a  more  compact  tissue,  from  which  are  de- 
rived, first,  cartilage  ;  then  bone  and  periosteum,  and  thus,  finally, 
the  osseous  labyrinth.  By  a  peculiar  process  of  regressive  meta- 
morphosis most  of  the  mucous  connective  tissue  later  disappears. 
In  the  adult  it  is  replaced  by  the  perilymphatic  spaces  of  the  laby- 
rinth. 


TECHNIC. 
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TECHNIC 

In  the  treatment  of  the  external  and  middle  ear  the  usual 
methods  are  employed.  For  the  study  of  the  epithelium  in  conjunclion 
with  the  adjacent  bone  the  tissue  is  fixed  and  then  decalcified,  or  sub- 
jected to  those  fixing  methods  which  accomplish  both  processes  at  the 
same  time.  The  latter  method,  however,  can  be  applied  only  to  very 
small  objects. 

The  manipulation  of  the  membranous  labyrinth,  especially  that 
of  the  adult,  is  a  very  difficult  technical  problem.  Its  isolation  from  the 
petrous  portion  of  the  temporal  bone  without  injury  can  be  accomplished 
only  in  well -advanced  fetuses  and  in  children,  and  e\en  here  a  thorough 
knowledge  of  the  situation  of  the  parts  in  the  petrous  j»ortion  of  the  tem- 
poral bone  is  es.sential.  Sinaller  animals^  especially  rodents,  afford  belter 
specimens.  In  the  latter,  the  semicircular  canals  and  cochlea  give  rise  to 
more  or  less  distinct  projections  into  the  tympanic  cavity.  If  the  latter 
be  opened,  the  situation  of  the  parts  may  be  a.sceruiined  from  without.  In 
the  rabbit  and  guinea-pig,  the  entire  cochlea  projects  into  the  tympanic 
cavity,  and  may  be  easily  removed  in  toto  with  a  strong  knife,  and,  as 
the  bony  cochlea  in  these  animals  has  ven,'  thin  walls,  it  ofl"ers  very  little 
resistance  to  the  decalcifying  iluid  (use,  for  instance,  j^f  ^^itric  acid). 

According  to  Ranvier's  method  (Sg),  the  cochlea  is  opened  with 
a  scalpel  in  a  2'^  solution  of  osmic  acid  in  normal  salt  solution.  After 
twelve  hours  the  cochlea  is  placed  for  decalcification  in  i^/f  chromic  acid, 
which  is  frequently  changed.  In  giiinea-pigs,  for  instance,  decalcification 
is  accomplished  in  a  week. 

.\ccording  to  the  method  of  Retzius  (84),  the  opened  cochlea  is 
treated  for  half  an  hour  with  a  0.5%  aqueous  solution  of  osmic  acid,  and 
then  for  the  same  length  of  time  with  a  0.5^^  aiiueous  solution  of  gold 
chlorid.  The  organ  of  Corti  is  then  dissected  out  and  examined  as  a 
whole,  or  cut  after  carefully  removing  the  bone. 

The  labyrinth  of  the  human  adult  is  usually  prepared  as  follovvs  : 
The  apex  of  the  petrous  portion  of  the  temporal  bone  is  removed  and  the 
upper  semicircular  canal,  together  with  the  cochlea,  opened  in  Miiller's 
fluid  ;  in  this  solution  the  pyramid  is  left  for  three  weeks  ;  during  the  first 
week  the  fluid  is  changed  daily,  and  every  two  days  during  the  following 
•weeks.  The  specimen  is  then  washed  for  twenty-four  hours  in  running 
water,  placed  in  80^  alcohol  for  two  weeks,  and  finally  in  cj6^/(  alcohol 
for  two  days.  The  preparation  is  now  ready  for  decalcification.  This  is 
done  with  $^/c  nitric  acid,  which  is  to  be  changed  daily  (ten  days  to  two 
weeks).  Then  follows  washing  for  two  days  in  running  water,  carrying 
over  into  So^/o  alcohol  for  twenty-four  hours,  then  into  96^  alcohol  for 
from  six  to  eight  days,  and,  finally,  infiltration  and  imbedding  in  cel- 
loidin  (A.  Scheibe). 

The  following  method  may  also  be  employed  with  good  results : 
The  isolated  pyramid  with  opened  semicircular  canal  and  cochlea  is 
treated  with  Miiller's  fluid  for  two  days  at  room -temperature,  and  then 
for  three  weeks  in  a  thermostat  at  23*^  C.  During  the  latter  period,  the 
fluid  should  be  changed.  The  specimen  is  then  washed  for  forty -eight 
hours  in  nmning  water,  treated  for  fourteen  days  with  So^c  alcohol,  then 
for  eight  days  with  96^  alcohol,  decalcified,  and  further  treated  as  in 
the  preceding  method, 
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.  ■...     .>»onuiry  to  cut  sections  in 

^._:.;'»   Mcihod  may  also  be  em- 

T    .-Latnti  method,  if  great  care  be 

..-.iu:ni£^  of  the  cochlea   may  be 
»-.       Mjr  this  purpose  it  is  recom- 
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«<r^-       -nr  .  e;?dbule,  the  respiratory  region 
-.  ^    .\,  .:!t  .»ifactory  region. 

N   -cr:lC^«^.i  squamous  epithelium.      In 

..:-T^  ire  hairs,  the  sebaceous  glands  of 

^  .  .^'i,  viiile  at  the  level  of  the  cartilage 

-tL-s.-rc      The  stratified  squamous  epithe- 

'.1  ^'t\i  ,'f  the  inner  turbinate  bone  and  at 

.vssesses   a   simple   pseudostratified, 

,-*  .*  strata  of  nuclei  and  provided  with 

V     •.v.-.'?v«t  -*t  :hc  ciliate  movement  is  toward  the 

^     \.-v".vi2-  U-uci^ytes  are  usually  found  in   the 

"■  ^  X    4i?vxr!ying    mucosa.       Branched   alveolar 

..V    "jv- V--  in.:  :*:rv.ius  alveoli,  are  here  present.    Within 

^    ^'^^   v.'.^  »i'  ,v^'o!o5.icd  vascular  plexuses,  more  especially 

.  .  ^  ^     v.  -.v'*.'       Vix'  lU'cessory  cavities  are   likewise  lined 

,.  X  :  .:rf.  :v  vjliatc  movement  being  directed  exter- 

^^  ,ia^*»<>  Wjrw*  -''  principally  confined  to  the  superior  tur- 

x.v   :-^    :.' :v  r^JUvil  septum  lying  opposite,  although  in 

,  .    ,.    -yv-.cv  x'ii'the  olfactory  region  a  few  small  islands  of 

,,  .    ,^;;s,>^    :\-v  aRMound,  either  entirely  isolated  or  con- 

^.^v  ;v  .vjv^jVjl  region  by  narrow  bridges.     In  a  fresh 

'^'*'' j^^^^  .»^.  ,\\*x^>My' it^wn  "^^y  t>e  differentiated  from  the  sur- 

o  *>!vv.v  ."^x    Its  cv^lor,  which   is  distinctly  yellow  in  man. 

•■"   N  •?v'":  v^  A>nu:iK\i  within  the  sustentacular  cells  described 

"     \s. .    ^.  V   .  -'"i  vV  tlK"  olfactory  region  is  of  the  columnar  pseudo- 
'      :    "x'V    «'.;h  .'Several  strata  of   nuclei,    and  consequently 
^   *' .     ^.,.l„,;;,x  a  sinilificd  columnar  epithelium.     Here  we  dis- 
"  ^"^^  >,   ^  .'/..  v.^  ^vUs  and  su.stcntacular  colls. 

'  'V  <i4fJKt**^*  «M»  iKCupy  a  peculiar  position  among  the  cells 
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of  the  epithelial  layer.  Towartl  the  nasal  cavit\',  the  cells  terminate 
in  blunt  cones,  upon  each  of  which  are  several  stifif  hairs,  the  olfac- 
tory hairs.  Tht!  basilar  ends  form  true  centripetal  nerve-] »rocesses, 
neuraxes,  which  end  in  tiie  peculiar  tclodendria  constituting  the  glo- 
meruli of  the  olfactory  bulb.     (See  p.  422.) 

The  nuclei  of  the  sustentacular  cells  arc  more  oval  and  arc  situ- 
ateil  at  nearly  the  same  level.  These  cells  present  the  appearances 
of  long  columnar  cells,  which  toward  the  basement  membrane  ter- 
minate in  one  or  several  processes.  Hetween  the  basilar  ends  of 
these  cells  we  find  a  layer  of  elements  the  broad  nucleated  bodies  of 
which  rest  on  the  l>aseme«t  membrane,  while  their  upper  extremities 
tern^inate  in   short  siif)erticial   processes. 

The  mucosa  contains  a  large  number  of  leucocytes  as  well  as 
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Fig.  377. — Portkm  of  iransvers*  section  of  the  olfactory  region  of  man ;  V150:  /, 
zone  of  ollaclory  hairs  ;  <■/>,  epitheiiurn  ;  2,  /.our  of  oviil  niu  lei ;  j,  zone  of  round  nuclei  ; 
^•■/,  oIfac(ory  or  Bowman's  gjand'^  ;  //.branch  of  olfactory  iier\'e  ;  tp,  mucosa  or  tunicu 
propria  with  blood-vesscIs  (Solxiila,  "Alla-s  and  Epitome  of  Histology"). 

numerous  branched  tubular  glands,  the  so-called  olfactory  glands  or 
the  glands  of  Innvntan.  In  man  tliese  are  albuminous  (serous) 
glands,  and  their  cells  sometimes  contain  pigment 

Jacobson's  organ  consists  of  blindly  ending  tubes,  situated  at 
the  lower  portion  and  at  the  outer  side  of  the  nasal  septum.  It  is 
lined  by  an  t»lfactnr)'  mucous  membrane  and  receives  a  branch  of  the 
nasal  nerve.      This  organ  is  rudimeiitar\'  in  man. 

The  capillaries  spread  out  immediately  beneath  the  basement 
membrane  of  the  epithelium.  In  the  submucous  connective 
tissue,  we  find  a  relatively  well  developed  vascular  plexus,  rich  in 
venous  vessels  ;  this  plexus  is  especiall)-  marked  at  the  posterior 
portion  of  the  inferior  turbinate  bone,  forming  here  a  tissue  which 
resembles  erectile  tissue. 
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A  dense  network  of  lymphatics  ramifies  throughout  the  mucous 
membrane,  carrjing  the  lymph  to  the  pharynx  and  palate.  These 
h-mph-vessels  may  be  injected  through  the  subarachnoid  space 
(Key  and  Retzius). 

The  ner\-es  (trigeminal)  are  widely  distributed  in  the  epithelium, 
ramily-ing  through  both  the  respiratory  and  olfactory  regions. 
After  repeated  divisions  these  nerves  lose  their  medullary  sheaths, 
and  end  in  telodendria  which  are  usually  provided  with  terminal 
nodules,  although  some  are  found  which  end  in  mere  filaments. 
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The  nasal  mucous  membrane  is  fixed  in  situ  with  osmic  acid  or 
one  of  its  mixtures,  after  which  small  pieces  are  removed.  It  should  be 
mentioned  that  the  nonmedullated  fibers  of  the  olfactorj'  nerve  assume  a 
brownish  color  under  this  treatment,  while  the  fibers  of  Remak  do  not 
(^Ranvier,  89). 

In  order  to  isolate  the  epithelial  elements,  pieces  of  the  mucous 
membrane  are  treated  with  the  ^  alcohol  of  Ranvier.  But  since  the 
prolongations  of  the  olfactory  cells  (neuraxes)  shrivel  and  curl  in  this 
fluid,  Ranvier  recommends  that,  after  the  epithelial  cells  have  been 
ttuicerated  in  f^  alcohol  for  one  or  two  hours,  they  be  treated  with  1  % 
osmic  acid  for  a  quarter  of  an  hour.  If  shreds  be  now  placed  in  water 
and  teased,  the  cells,  together  with  their  prolongations,  may  be  isolated 
without  the  curling  of  the  latter. 

The  chrome-silver  method  applied  to  the  nasal  mucous  membrane 
of  vouug  animals  and  fetuses  has  been  the  means  of  establishing  the 
iu\iH.>rtant  foct  that  the  olfactory  cells  of  the  olfactory  region  are  in  reality 
peripherally  situated  ganglion  cells. 
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Abbe's  apparatus,  19 

Absoqition  of  fat  by  intestine,  a88 

method  of  studying,  306 
Accessory  disc  of  Engelman,  139 

lacrimal  glands,  470 

thread  of  spermatosome,  361 
Acerviilus.  423 

Acetic  acid,  effect  on  connective  tissue, 
128 
on  red  blood-corpuscles,   18S 

sublimate  solution  as  fixing  fluid,  25 
Achromatic  portion  of  nucleus,   63 

spindle,  68 
Addophile    granules,    technic    for,    227 
Adenoid  connective  tissue,    196 
Adipose  tissue,  107 

stain  for,  130 
Agminated  lymph-nodules,  197 
Air-cells,  314 
Air-spaces,  ultimate,  313 
Altrosome,  377 
Alcohol  as  fixing  solution,  23 

as  macerating  solution,  22 
Alcoholic  borax-carmin  solution  as  stain, 

41 
in  bulk,   46 
Alkalies,  effect  on  red  blood-corpuscles, 

189 
Altmann's     method     of     demonstrating 
granules  in  cells,  77 
of  mounting,  78 
process,  55 
Alum-carmin  as  stain,  42 

in  bulk,  46 
Alveolar  ducts,  314,  315 
glands,  91 

compound  branched,  91 
simple,  91 
branched,  91 
periosteum,  242 
Alveoli,  88 
lung,  314 

of  mammary  gland,  epithelium  of,  401 
Amacrine  cells,  464 
Amitosis,  64,  70 
Amitotic  cell-division,  70 
Amphiaster,  68 
Amphipyrenin,  63 

Amphophile  granules,  technic  for,  228 
Ampulla;  of  Thoma,  204 
Anaphases,  65,  69 
Anastomoses,  222 
Anilin  stains,  44 


Animals,  injection  of,  54 
Anisotropic  transverse  disc,  138 
Annulospiral  nerve-ending,  178 
Annulus  fibrosus.  477 

atrioventricularis,  214 
Anterior  epithelium  of  crystalline  lens 
46S 

ground  bundle,  411 

hyaloid  artery,  468 

lymph-channels  of  eye,  469 

superior  vertical  canal,  480 
Anterolateral    columns,    ascending,    411 

descending,  411 
Antrum  of  ovary,  347 
Anus,  28 1 
Apdthy's   method   for  demonstration   of 

fibrillar  elements  of   nervous  system, 

442 
Apochromatic  lens,  19 
Aponeuroses,  105 
Aqueous  borax  carmin  solutions  as  stain, 

41 

humor,  446 
Arachnoid,  437 
Arches  of  Corti,  490 
Arcuate  fibers  of  cornea,  450 
Area  cribrosa,  332 

vasculosa,  186 
Areas  of  Langerhans,  301 
Arrectores  pilorum,  393 
Arteriae  arciformes,  332 

capsulares  glomeruufcra;,  334 
Arterial  circle  of  Zinn,  465 

retia  mirabilia,  333 
Arteries,  216 

coronary,  214 

hyaloid,  anterior,  468 
posterior,  468 

interlobular,  of  kidney,  332 

medium-sized,  218 

of  choroid,  455 

of  retina,  466 

precapillary,  218 
Arteriolar  recta;  spurise,  333 

vera;,  334 
Artery,  auditory,  internal,  494 

central,  of  retina,  465 

hepatic,  293 

nasal,  inferior,  of  retina,  466 
superior,  of  retina,  466 

papillary,  inferior,  of  retina,  466 
sufx-rior,  of  retina,  466 

renal,  332 
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Arter>',  temporal,  inferior,  of  retina,  466 

su|X!rior,  of  retina,  466 
Ascending  anterolateral  columns,  411 
Association  fibers  of  cerebral  cortex,  420 
Astrocytes,  435 

Atresia  of  ovarian  follicles,  353 
Atria,  314 

Attraction-sphere,  62 
Auditory  artery,  internal,  494 

cells,  outer,  491 

hairs,  490 

nerve,  494 

ossicles,  478 

teeth,  488 
Auerbach's  plexus,  286 
Auriculoventricular  valves  of  heart,  213 
Axial   canals   of   small   intestine,    285 

cords,  157,  1 60 

fibrils    of,    demonstration    of,     181 

sheath.  176 

thread  of  spcrmatosome,  361 
sheath  of,  361 
Axillary  glands,  398 
Axis-cylinder,  159 

naked,  160 
Axis-fibrils,   157 
Axolemma,  157 


Baillarger's  striation,  421 

Balsam,  Canada,  as  mounting  medium, 

52 
Bardecn's  table  for  drawing  of  portions 

of  sections  to  be  reconstructed ,  57 
Bars  of  intercellular  cement,  86 
Bartholin's  ducts,  253 

glands,  360 
Basement  membrane,  81,  88 

of  small  intestine,  278 
Basic  stains,  41 
Basichromatin  granules,  62 
Basilar  membrane,  488 
Basket  cells,  254 
Baskets,  fiber,  of  retina,  462 
Basophile  granules,  193 
cells  with,  209 
technic  for,   228 
BcchterefF     and     Kaes*     striation,     421 
Benda's   chromatoid   accessorv   nucleus, 

377 

method   for  demonstration  of  medul- 
lary sheath,  442 

selective    neuroglia    staining    method, 

445 
Berkley's  method  of  demonstrating  nerves 

of  liver,  308 
Berlin  blue  as  injecti<m  fluid,  55 
Bertini,  columns  of.  324,  330 
Bethe's  method  of  fixing  methylene-blue 
for  nerve-filH'rs.    184 
of  stainini;   neurofibrils  and    Golgi- 
nets,  443 
Bile  capillaries,  290,  291,  292 
demonstration  of,  306 
impregnation  of,  307 
effect  on  red  blood-corpuscles,  188 


Bile-ducts,  296 

Bioblasts,  60 

Biondi-Heidenhain  triple  stain,  46 

Bipolar  cells  of  cone-visual  cells,  463 

of  rod -visual  cells,  463 
Bismarck  brown  as  stain,  44 
Bladder,  336 

nerves  of,  339 

technic  of,  343 
Blastema,  64 

Blastodermic  layers,  primary,  79 
Blastomeres,  70,  79 
Blood,  186 

coagulation  of,  195 
Blood,  cover-glass  preparations,  227 

current,  behavior  of  blood-cells  in,  196 
demonstration   of,    through   vessels, 

elements  of,  method  of  examining,  227 
films,    Wright's   method    of   staining, 

229 
formation  of,  186 
islands,  186 
plasma,  187 
platelets,  194 

fixation  of,  227 
shadows,  188 
sinus,  222 
supply  of  bronchi,  316 

of  Fallopian  tubes,  355 

of  heart,  214 

of  intestine,  283 

of  hinph-glands,  200 

of  salivary  glands,  259 

of  spleen,  203 

of  thymus  gland,  212 

of  thyroid  gland,  320 

of  uterus,  357 
technic  of,  226 
Blood-cells,  behavior  of,  in  blood  current, 

196 
counting,  232 

red,      nucleated,     containing     hemo- 
globin, 208 
staining  of,  227 
Blood-corpuscles,    cover-glass    prepara- 
tions, 226 
red,  187.     See  also  Erythrocytes. 
technic  of,  226 

white,  191.    See  also  Leucocytes. 
Bkxxl-counting  apparatus,  Thoma-Zeiss, 

232 
Blood-forming  organs,  186 

technic  of,  226 
Blood-placques,  194 
Blootl- vessels,  186,  216 
fetal,  of  eye,  468 
in  striated  muscular  tissue,  143 
nerve  supply  of,  223 
of  bone-marrow,  210 
of  central  nervous  system,  439 
of  eyelid,  473 
of  kiilney,  332 

of  liver,  distribution  of,  demonstration, 
306 

examination  of,  343 
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Blood-vessels  of  lung,  316 
of  membranovis  labyrinth,  494 
of  mucosa  of  large  intestine,  284 

of  pelvis  of  kidney,  338 

of  small  intestine,  284 
of  nasal  cavity,  499 
of  optic  nerve,  465 
of  ovary,  354 
of  pancreas,  302 
of  prostate,  370 
of  retina,  465 
of  sclera,  449 
of  stomach,  284 
of  suprarenal  glands,  341 
of  teeth,  242 
of  testis,  367 
Blutlymphdriisen,  200 
Body-cell,  71 
BShmer's  hematoxylin  as  stain  for  bulk, 

46 
hematoxylon,  42 
Bone,  112 
breakers,  120 
calcium  carbonate  in,  alkaline  purpurin 

as  stain  for,  132 
canaliculi,  113 
compact,    of    shaft,    development    of, 

124 
corpuscles,  113 

Schmorl's    method  of   staining,  133 

Virchow's  method  of  isolating,   134 
decalcification  of,  132 

fluids  used  for,  132 

V.  Ebner's  method,  133 
development  of,  116 

endochondral,  116 

intramembranous,  122 
endochondral,  116 
intracartilaginous,  116 
intramembranous,  116,  122 
lacuna?  of,  112,  113 
lamellae,  113 

composition,  114 

method  of  examining,  131 
lime-salts  in,  hematoxylin  as  stain  for, 
132 

isolation  of,   132 
soft    and     hard     parts,     relation    of, 

method  of  studying,  132 
spares  in,  Ranvicr's  method  for  dem- 
onstrating, 132 
structure  of,   1 12 
undecalcified,  microscopic  preparation 

of,  131 
Bone-celLs,  112,  115 
Bone-marrow,  207 
blood-vosscis  of,  210 
gelatinous,  210 
red,  207 
technic  of,   234 
yellow,  207,  210 
Bony  cochlea,  484 

labyrinth,  480 
Borax-carmin,  alcoholic,  41 

in  bulk,  46 
aqueous,  41 


Bom's     method     of     construction    by 

plates,  56 
Bottcher's  celb,  491 
Boundary'  zone,  choroid,  453 
Bowman's  capsule,  323 

glands,  499 

membrane.  449 
Box  for  imlx^dcling  tissues,  28 
Bronchi,  311 

blood  supply  of,  316 

branches  of,  311 

nerves  of,  317 

terminal  branches  of,  313 
Bronchioles,  311 

respiratory,  313 

terminal,  314,  315 
Brownian  movement  of  cells,  61 
Bnicker's  lines,  137 
Brunner's  glands,  265,  277 
Budding,  64 
Bulb  hairs,  393 
Bulbus  oculi,  446 
Burdach's  column,  411 
Biitschli's  foam-structure,  staining  for,  79 


CiECtJM  CUPOLARE,   485 

vestibulare,  485 
Calcification  of  cartilages,    11 1 
Camera  lucida,  20 
Canada   balsam    as   mounting   medium. 

Canalicular  system  in  cartilage,  method 

of  demonstrating,  131 
lymph,  102 
Canaliculi  of  bone,  113 
Canalis  communis,  480 
Capillaries,  220 

bile,    290,    291,    292 
demonstration  of,  306 
impregnation  of,  307 

demonstrating  distribution  of,  235 

lymph,  224 

of   cerebellar    cortex,    440 

of   cerebral    cortex,    440 

of  sweat-glands,  397 
Capsule,  Bowman's,  323 

lens,  468 

of  cartilage,  gold  chlorid  as  stain  for, 

of  glands,  92 

of  GlLsson,  289 

of  lymph-glands,  198 

of  Tenon,  448 

suprarenal,  demonstration  of,  343 
Carmin  as  stain,  4r 

mass,  cold,  as  injection  fluid,  54 
Carmin-bleu   de   Lyon,  45 
Carnoy's   acetic    acid-alcohol-chloroform 
mixture,  23 

acetic-alcohol    mixture,    23 
Carotid  gland,  225 
Cartilage,   108 

calcification  of,  iit 

canalicular     system     in,     method     of 
demonstrating,  131 
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<"(>rnea,  epithelium  of,  449 
-round  plexus  of,  451 
r\i-s  of,  451 
•  hnic,   474 

aing  fibers  of,  450 
..  r  rlastic  membrane  of,  450 
■■  jiliulial  plexus  of,  451 
.••-lititia  propria  of,  449 
ti-diiiic,   474 
Hiptrlirial   plexus  of,   451 
( 'orncal  corpuscles,  450 
ipilhelium,  technic  of,  474 
si)aces,  450 
tcehnic  of,  474 
Corona  radiata,  347 
Corf)nary  arteries,  214 
Corjjora  amylacea  of  prostate,  370 

lutea  spuria,  353 
Corpus  albicans,  353 
Highmori,  363 
luteum,  353 
verum,  353 
Corpuscles,   blood-,   red,    187.     See  also 
Erythrocytes. 
blood-,    white,     191.     See    also    LtU' 

cocytes. 
bone,  113 

Schmorl's  method  of  staining,  133 
Virchow's  method  of  isolating,   134 
colostrum,  402 
connective-tissue,  103 
corneal,  450 
genital,   171 
Golgi-Mazzoni,  388 
Grandry's  technic  of,  405 
Hassal's,  212 
Herbst's,  174,  389 

technic  of,  405 
Malpighian,  202,  203,  323,  324 
Meissner's,  170 

technic  of,  405 
Pacinian,  388 

technic  of,  405 
tactile,  387 
Vater-Pacinian,   173 
distribution  of,  174 
Corrosive  sublimate  as  fixative  for  car- 
tilage, 130 
as  fixing  solution,  24 
for  fixing  cells,  75 
Cortex,  cerebellar,  413.     See  also  Cere- 
bellar cortex. 
cerebral,  416.     See  also  Cerebral  cortex. 
of  ovary,  344 
Cortical  cells,  small,  of  cerebellar  cortex, 

415 

layer  of  hair,  389 

nodules,   198 

substance  of  kidney,  323,  324 
Corti's  arches,  490 

membrane,  489,  493 

organ,  481,  489 

spiral  organ,  489 
Cover-slips,  20 

fixing    of    large    number    of    paraffin 
sections  to,  39 


Cowper's  glands,  370 

Cox's  method  of  impregnation,  51 

Crescents  of  Gianuzzi,  256 

Crista  basilaris,  488 

Crista,  481 

Crossed  pyramidal  columns,  411 

Crosses,  Ranvier's,  demonstration  of,  180 

Crypts,  Lieberkuhn's,  276 

of  stomach,  266 
Crystalline  lens,  467 

anterior  epithelium  of,  468 
Crystab,  hematoidin,  231 

hemin,  method  of  obtaining,  230 

hemoglobin,     method     of     obtaining, 
230 

of  cell,  61 

Teichmann's,  188 

method  of  obtaining,  230 
Cuneate  cells,  301 
Cuneiform  cartilages,  310 
Cup,  optic,  447 
Cupola,  484 
Cupula,  484 
Currents  of  diffusion,  29 
Cutaneous  layer  of  tympanic  membrane, 
476     ' 

epidermis  of,  476 
Cuticle,  379 

of  hair,  389 
inner,  389 
Cuticula,  62,  81,  274 

dentis,  238 
Cuticular  portion  of  eyelids,  470 

ridge,  477 

structures,  81 
Cutis,  379.     See  also  Skin. 
Cylindric  end-bulb  of  Krause,  172 
Czermak's  interglobular  spaces,  241 
Czocor's  cochineal  solution,  42 


Damar  as  mounting  medium,  52 
Daughter  chromosomes,  68 

nuclei,  64 

stars,  374 
Decalcification,  132 

V.  Ebner's  method,  133 
Decaldfjring  fluids,  132 

aqueous  solution  of  nitric  acid,  133 
hydrochloric  acid,  132 
Deiter's  cells,  491 
Delafield's  hematoxylin,  43 
Demilunar  cells,  257 
Demilunes  of  Heidenhain,  256 
Dendrites,   149,   1^6 

function  of,  154 
Dendritic  fibrous  structures  of  Gruber, 

478 
Dental  sac,  344 
Dentin,  239 

development  of,  244 

fibrils  of,  demonstration  of,  303 
Dentinal  fibers,  240 

papills,  243 

tubules,  240 
Dermis,  379,  382 
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Fibers,  lens,  468 
mantle,  69 

mossy,  of  cerebellar  cortex,  416 
motor,   162 
MuUer's,  454,  462 
muscle-,  intra fusiil,   175 

nonstriated,  demonstration  of,  148 

striated,  technic  of,  147 

striped,   1.36 

voluntary,  development  of,  144 
nerve-,   157 

ending  in   muscular  tissue,    162 

meduUated,  demonstration  of,  180 
of  teeth,  242 

mcthylene-bluc   stain    for,    184 

nonmeduUated,   160 
demonstration  of,   182 

of  hnir  follicles,  3Q3 

of  utriculus,  483 
neuroglia,  Benda's  method  of  staining, 

445 
Mallory's  methods  of  staining,  4^5 
of  olfactory  ner\'c,  staining  of,  182 
perforating,  of  cornea,  450 
peripheral,  of  olfactory  bulb,  421 
projection,  of  cerebral  cortex,  419 
Purkinje's  213 
isolated  demonstration  of,  148 
muscle-cells  of,  147 
Remak's,   160 

demonstration  of,   182 
reticular,   of   liver,    demonstration   of, 

308 
rod-,  of  retina.  458 
Sharpey's,  115 

method  of  isolating,  134 
sustentacular,  402 
terminal,    of   cerebral    cortex,    420 
tunnel-,  494 
white,  09 

rami,  429,  456 
Fibra;  circulares.  454 
Fibril  bundles,   140 

Fibrillar    elements    of    nervous    system. 
Apathy's    methotl    for    demonstration 
of,  442 
Fibrils,  axis-,  157 
of  axial  cord,  demonstration  of,  181 
of  <lentin.  demonstration  of,  303 
Fibrin,   demonstration  of,   231 
Fibrocartilage,  white,  1 10 
Fibro-elastic  cartilage,   no 
Fibrous  connective  tissue,  loi 

tissue  elastic,    106 
Filiform  papilhT,  248 
Films,  blood,  Wright's  method  of  stain- 
ing, 229 
Filum  tcrminalc,  406 
Fimbri.'c  lingujp,  249 
Fissure,  choroidal,  447 
Fixing  methods,  23 
solutions,  23 

acetic  sublimate,  25 
alcohol.  23 

Biitschli's   foam-structure,  for  cells, 
79 


Fixing  solutions,  Carnoy's  acetic-alcohol, 

23 

Carnoy's    acetic    acid-alcohol-chlo- 
roform, 23 

chromic  acid,  26 
for  cells,  75 

corrosive  sublimate,  24 
for  cartilage,  130 
for  cells,  75 

Erlicki's,  26 

Flemming's  24 
for  cells,  75 

Fol's,  24 

formalin,  27 

formol,  27 

ITaycm's,  226 

Hermann's,  24 

Miiller's,  26 

nitric  acid,  26 

osmic  acid,  24 
for  cartilage,  130 

picric  acid,  25 
for  cells,  75 

piciic-nitric  acid,  25 

picric -osmic-acetic  acid,  25 

picric-sublimatc-osmic  acid,  25 

picrosulphuric  acid,  25 

potassium  bichromate  and  formalin 

27 
Rabl's,  25 
Tellyesnicky's,  26 
vom  Rath's,  25 
Zenker's,  26 
Flagellate  cells,  60 
Flagellum  of  spermatosome,  361 
Flemming's  germ  centers,   194 
solution,  24 

for  fixing  cclb,  75 
Flower-like  nerve-emiing,  178 
Fold,  semilunar,  484 
Foliate  papilla;,  249 
Follicles,  Graafian,  347 
bursting  of,  352 
hair,  389 

nerve-fibers  of,  393 
lymph-,  germ  centers  of,  technic   for, 

234 
of  mucosa  of  vermiforra  appendix, 

281 
of  tongue,  251 
of  tonsils,  251 
solitary,   197 
technic  for,  306 
ovarian,  atresia  of,  353 
simple,   197 
Follicular  cells,  372 

glands,  Qi 
Folliculi  linguales,  251 
Fol's  solution,  24 
f'ontana's  spaces,  455 
Foramen  apicis  dent  is,  238 
Foramina  nervosa,  488 

papillaria,  330 
Formalin  as  fixing  solution,  27 
Formol  as  fixing  solution,  27 
Fovea  centralis,  460 
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Fovcolae  of  stomach,  266 
Fragmcnlalion,  direct,  of  nucleus,  71 
Freezing  apparatus  for  sliding  mii  rotome, 

Fnedliinder's  glycerin-hematoxylin,  43 

Front  lens,   ii) 

Fuchsin-resorcin  elastic  fil>cr!>  stain,    128 

Fundamental  lami-lhc,   1 13 

Fundus  glands  of  stomach,  268 

of  fovea  centralis,  ^fto 
Fungifonn  ])apillx,  24S 
Funiculi,  of  nene-trunk,   160 

compound,  162 
Funnels,  pial,  4v; 
Future  periosteum,   116 


Ganglia,  424 
spinal,  424 
sympathetic,  427 
Ganglion  cell,   140 

demonstration  of,   182 
layer  of  retina,  459,  464 
of  Dogiel,  in  spinal  ganglia,  426 
spiral,  of  cochlea,  404 
Gartner's  duct,  360 
Gastric  mucous  membrane,  266 
Gastrulation,  70 
Gay's  circumanal  glands.  282,  308  1 

Geiatin-Berlin  blue  as  injection  fluid,  54   I 
Gelatin-carmin  as  injection  fluid,  54 
Gelatinous  bone-marrow,  210 
substance  of  Rolando,  408 
Genital  corpuscles,   171 
organs,  female,  344 
male,  361 
Genito-urinary  organs,  323 

tcchnic  of,  342 
Gerlach's  mctho<l  of  impregnation,  48 
Germ  center,   197 

of  Flemming,  194 
of  lymph-follicles,  technic  for,  234 
enamel,  243 
hair.  389 
layers,  58 
primary,  79 
Germinal  epithelium,  examination  of,  378 
of  ovary,  345 
vesicle,  71 
Giant  cells,  209 
(iianuz^i.  crescents  of,  256 
Giraldbs.  oi^an  of,  367 
Gitterfasern,  301 

Glands,  alveolar,  91.     See  also  Alveolar 
glands. 
axillary,  398 
capsule  of,  92 
carotid,  225 
ceruminous,  389,  476 
ciliary,  398.  454 

Moll's,  470 
circumanal,  282,  398 
coil-,  396 
extra-epithelial,  88 
follicular,  91 
hemal,  200 


Glands,  hemolymph,  200 

structure  of,  201 
injection  of.  55 
intra-ei)ithelial,  88 
lacrimal.  473 

accessor}'.  470 

nerve  supply  of,  473 
lenticular.  271 
lymph-.   106.   197 

blood  supply  of.  200 

capsule  of,   198 

hilum  of.   107 

lymph-sinuses  of,   199 

marrow,  201.  202 

technic  f<jr.  233 

trabecula?  of,    19S 

with  blood-sinuses,  200 
mammary,   400.     See    also  Mammary 

alaitd. 
Meibomian,  472 
mixed,   258 
mucous.  255 
muhicellular.  88 

classification.  91 
of  Bartholin,  360 
of  Bowman,  499 
of  Brunner,  265,  277 
of  C'owjxT.  370 

of  digestive  \racl.  technic  for,  304 
of  (iay,   2S2,  39S 
of  LielK'rkuhn's.  88,  276 
of  Moll,  308.  470 
of  Montgomer>',  402 
of  mouth,  small.   259 
of  oral  cavity.  253 
of  skin.  3()6 
of  stomach,  267 

cardiac.  267 

fundus.  268 
of  Tyson,  372 
parathyroid.  321 
parotid,   255 
{)eptic.   2^)8 
j)ineal.  422 

prostate.  368.     Sec  also  Prostate. 
pyloric,  26c) 
s;ilivar\',   253,   255 

blcxjd  supply  of,  259 

nerve  supply  of,  260 
sebaceous,  398 
serous.  255 
splenolymph,  201 
structure  and  classification,  88 
sublingual,   255 
submaxillary,   258 
sudoriparous.    3()6.     See    alsr>    Siveat- 

f^lands. 
suy>rarenal,  339.     Sec  also  Suprarenal 

glands. 
sweat-.  306.     See  also  Sweat-glands. 
tarsal,  472 
thymus.  210 

bUxjd  supply  of,  212 
thyroid.  310.     See  also  Thyroid  gland. 
tnbula  r.  So.     See  also  Tubular  glands. 
tubulo-alvcolar,  90 
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Glands,  unicellular,  87 
Glandula  carotica,  225 
Glandula;  buccales,  236 

duodenales,  265 

labialcs,  236 
Glandular  cells,  61 

epithelium,  87 
Glassy  layer  of  choroid,  452,  453 

membrane  of  hair,  391 
Glisson's  capsule,  289 
Glomerular  layer  of  olfactory  bulb,  421 
Glomeruli  arteriosi  cochlese,  495 
Glomerulus,  323 
Glomus  caroticum,  225 
Glycerin,  Farrant's  gum,  mounting  in,  53 

mounting  in,  53 
Glycerin-albumen  for  fixing  paraffin  sec- 
tions to  slide,  38 
Glycogen     in     cartilage,    iodo-iodid     of 
potassium  stain  to  demonstrate,  131 

in  liver-cells,  demonstration  of,  306 

of  cells,  61 
Goblet  cells,  87,   265 
Gold  chlorid  as  stain  for  capsules  of  car- 
tilage, 131 
method  of  impregnation,  48 
Golgi-Mazzoni  corpuscle,  388 
Golgi-nets,  Bethe's  method  of  staining, 

443 
Golgi's  cells,  408,  418,  419 

chromsilver  or  chromsublimate  method 

of  impregnation.  49 
gold  chlorid  method  of  impregnation,  48 
methods  of  impregnation,  40.  50 
mixed  method  of  impregnation,  50 
potassium  bichromate  and  bichlorid  of 
mercury  method  of  impregna- 
tion, 50 
method  of  impregnation,  49 
preparations.  Ruber's  method  of  per- 
manently   mounting    under    cover- 
glass,  51 
rapid  method  of  impregnation,  50 
slow  method  of  impregnation,  50 
GoH's  column,  411 
Gower's  column,  4ri 
Graafian  follicle,  347 
bursting  of,  352 
Grandr}''s  corpuscles,  tcchnic  of,  405 
Granular  cells  of  cerebellar  cortex,    416 
layer  of  cerebellar  cortex,  416 
of  olfactory  bulb,  421 
Tomes',  246 
sole  plate,    163 
Granulations  of  leukocytes,  227 
Granules,  acidophile',  technic  for,  227 
amphophile,  technic  for,  228 
basichromatin,  63 
basophile,   193 
cells  with,  209 
technic  of,  228     • 
chromatophile,  149 
deutoplastic,  349 
eosinophile,  193 
cells  with,  209 
technic  for,  227 


Granules,  in  cells,  Altmann's  method  of 
demonstrating,  77,  78 

indulinophile,  technic  for,  228 

interstitial,  Kolliker's,   141 

leukocytic,  Ehrlich's,  192 

neutrophile,  193 
technic  of,  228 

oxychromatin,  63 

Schron's,  344 

tigroid,   149 

zymogen,  in   pancreas,  demonstration 
of,  308 
Gray  nuclei,  central,  of  cerebellar  cortex, 
416 

substance  of  spinal  cord,  406,  409 
Grenacher's  alum-carmin,  42 

as  stain  for  bulk,  46 
Ground  bundle,  anterior,  411 

j)lexus  of  cornea,  451 
Ground-substance  interfascicular,  105 

of  areolar  connective  tissue,  102 

of  cartilage,  changes,  in,   iii 
Gruber's  dendritic  fibrous  structure,  478 
Gscheidtlen's  method  of  obtaining  hemo- 
globin crj'stals,  230 
Gum  glycerin,  Farrant's  mounting  in,  53 


Hair,  389 

auditory,  490 

bulb,  389,  393 

club,  393 

cortical  layer  of,  389 

cuticle  of,  389 
inner,  390 

folUcle,  389 

nerve-fibers  of,  393 

germ,  389 

glassy  membrane  of,  391 

growth  of,  392 

medullary  substance  of,  390 

olfactory,  499 

papilla,  389 

root,  389 

root-sheaths  of,  389 
inner,  390 
outer,  390 

shaft,  389 

shedding  of,  393 

technic  for,  404 
Hair-cells  of  utriculus,  483 
Hamulus,  484 
Hassal's  corpuscles,  212 
Haversian  canab,  112 

spaces,  120 
Hayem's  solution,  226 

for  diluting  blood,  232 
Hearing,  organ  of,  476.    See  also  Ear. 
Heart,   186,  213 

auriculoventricular  valves  of,  213 

blood  supply  of.  214 

elastic  tissue  of,  214 

muscle,   145 

motor  ner\'e-supply  of,  166 

muscle-cells,  demonstration  of,  148 

muscle-tissue,  development  of,  146 
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Heart,  nerve  supply  of,  215 
Heart-muscle  fibers,  MacCallum's  nitric 

acid  mixture  for  isolating,  23 
Heidenhain's  demilunes,  256 

iron  hematoxylin,  43 

as  stain  for  bulk,  46 

median  membrane,  137 
Helicotrema,  485 
Heliotropism,  61 
Heller's  plexus,  283 
Hemal  glands,     200 
Hemalum,  acid,  as  stain,  43 

as  stain,  43 
in  bulk,  46 
Hematin,  187 
Hematoblasts,  194 
Hematoidin  crystals,  231 
Hematoxylin  as  stain,    42.    See    also 

Stains. 
Hematoxylin-eosin  as  stain,  45 
Hcmatoxylin-safranin  as  stain,  46 
Hemin,  188 

crj'stals,  method  of  obtaining,  230 
Hemocytometer,  Thoma-Zeiss,  232 
Hemoglobin,  187 

crystals,  method  of  obtaining,  230 

demonstration  of,  230 

nucleated   red   blood -cells   containing, 
208 
Hemokonia,  195 
Hemolymph  glands,  200 

structure  of,  201 
Henle's  fiber  layer,  461 

layer,  390 

loop,  323 

descending  limb  of,  327 

sheath,  162 
Hensen's  cells,  491,  492 

median  disc,  137 
Hepatic  artery,  293 

cells,  cords  of,  290 

cords,  290 
Herbst's  corpuscles,  174,  389 

technic  of,  405 
Hermann's  solution,  24 
Heterotypic  mitosis,  70 
Hilum  of  lymph-glands,  197 
Histology,  general,  58 

special,  186 
Homeotypic  mitosis,  70 
Honing  microtome  knife,  37 
Horizontal  cells  of  retina,  464 

semicircular  canal,  480 
Horns  of  spinal  cord,  408 
Howship's  lacunae,  120 
Hoyer's  yellow  gelatin  mass,  54 
Huber's  method  of  permanently  mount- 
ing Golgi's  preparations  under  cover- 
glass,  51 
Humor,  aqueous,  446 
Huschke's  auditory  teeth,  488 
Huxley's  layer,  390 
Hyaline  cartilage,   108 
Hyaloid  arteries,  anterior,  468 
posterior,  468 

canal,  468  - 

33 


Hyaloid  membrane  of  vitreous  body,  467 
Hydatids  of  Morgagni,  360 
Hydrochloric  acid,    action    of,    on    con- 
nective tissue,  128 
as  decalcifying  fluid,  132 
as  macerating  solution,  23 
Hydrotropism,  61 
Hymen,  359 

Hy[X)lamellar  plexus,  261 
Hypophysis,  423 
chief  cells  of,  423 
chromophilic  cells  of,  423 
circulation  of,  424 


Imbedding,  27 
celloidin,  30 

diagram  for,  32 
celloidin-paraffin,  32 
paraffin,  27 

diagram  for,  30 
Immersion  lens,   19 

Impregnation,  Cohnheim's  method,  48 
Cox's  method  51 
Gerlach's  method,  48 
gold  chlorid  method,  48 
Golgi's     chromsilver    or    chromsubli- 
mate  method,  49 
gold  chlorid  method,  48 
methods,  49 
mixed  method,  50 
potassium  bichromate  and  bichlorid 

of  mercury  method,  50 
potassium  bichromate  method,  49 
rapid  method,  50 
slow  method,  50 
Kopsch's  method,  52 
Kunne's  method,  48 
Lowit's  method,  48 
methods  of,  47 
of  bile  capillaries,  307 
Ranvier's  method,  48 
silver  nitrate  method,  47 
Indifferent  fluids,  21,  22 
Kronecker's,  22 
physiologic  saline  solutions,  22 
Ranvier's  solution  of  iodin  and  po- 
tassium iodid,  22 
Ripart  and  Petit's,  22 
Schultzc's  iodized  serum,  22 
Indulinophilc  granules,  technic  for,   228 
Inferior  nasal  artery  of  retina,  466 
vein  of  retina,  466 
papillary  artery  of  retina,  466 

vein  of  retina,  466 
vertical  semicircular  canal,  480 
Infiltration,  27 
celloidin,  30 

diagram  for,  32 
celloidin-paraffin,  32 
paraffin,  27 
diagram  for,  30 
Injection  fluids,  53 
Ahman's,  5s 
Berlin  blue,  53 
carmin  mass,  cold,  54 
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Injection  fluids,  gelatin-Berlin   blue,  54 
gelatin-carmin,  54 
silver  nitrate,  55 
yellow  gelatin  mass,  54 
Injection  method  for  demonstration     of 
bile  capillaries,  306 
of  distribution  of  hepatic  blood- 
vessels, 306 
methods  of,  53 
of  animals,  54 
of  glands,  55 
of  lymph<hannek,  55 
of  lymph-spaces,  55 
of  lymph-vessels,  55 
of  organs,  55 
Inner  molecular  layer  of  retina,  464 
nuclear  layer  of  retina,  459,  462 
scleral  sulcus,  449 
Intercellular  bridges,  81,  380 
demonstration  of,  96 
spaces,  81 
substance,  79 
Interfascicular  ground-substance,  105 
Interglobular  spaces  of  Czcrmak,  241 
Interlobular  arteries  of  kidney,  332 
veins  of  kidney,  334 
of  liver,  293 
Intermediate  tubule  of  pancreas,  300 
Internal  auditory  artery,  494 
ear,  480 

limiting  membrane  of  retina,  462 
Interpapillary  epithelial  processes,  85 
Interstitial  granules  of  Kolliker,   141 
Intertubular  cell-masses  of  pancreas,  301 
Intestine,  264 

absorption  of  fat  by,  288 
blood  supply  of,  283 
large,  281 

blood-vessels  of  mucosa  of,  284 
lymph-vessels  of,  284 
lymph  supply  of,  283 
mucous   membrane   of,  general   struc- 
ture, 264 
nerves  of,  demonstration  of,  306 
muscularis  mucosa;  of,  265 
ner\'e  supply  of,  283 
secretion  of,  288 
small.  274 

axial  canals  of,  285 
basement  membrane  of,  278 
epthelial  cells  in,  275 
lymphatics  of,  285 
lymph-nodules  of,  279 
mucous  membrane  of,  274,  277 
blood-vessels  of,  284 
epithelium  of.  274 

leucocytes  in.  275 
lymph-nodules  of,  279 
villi  of,  274 
muscularis  mucosa;  of,  279 
villi  of,  lacteals  of,  285 
with  villi,  fixation  of,  305 
stratum  circulare  of,  266 
fibrosum  of,  265 
longitudinale  of,  266 
submucosa  of,  265 


Intestine,  tunica  mucosa  of,  265 
Intlma,  endothelium  of,  technic  for,  235 
Intracapsular  plexuses,  429 
Intracartilaginous  bone,   116 
Intra-epithelial  glands,  88 
Intrafusal  muscle-fibers,   175 
Intralobular  duct  of  pancreas,  300 
Intramembranous  bones,  116,   122 

bone-development,   122 
lodo-iodid  of  potassium  stain  to  demon- 
strate glycogen  in  cartilage,  131 
Iris,  446,  452.  4SS 

anterior  endothelium  of,  455 

diaphragm,   18 

nerve  supply  of,  456 

posterior  epithelium  of,  455 

stroma  of,  455 
Islands  of  ciliated  epithelium  in  cervical 

canal,  356 
Isotropic  intermediary  disc,  138 


Jacobson's  organ,  499 
Japanese  method  of  fixing  paraffin  sec- 
tions to  slide,  39 
Jelly,  Wharton's,  100 


Kaes  and  Bechtereff's  striation,  421 
Karyoldnesis,  64 

Karyokinetic    cell-division,    heterotypic, 
374 
homeotypic,  374 
Karyolysis,  74 
Karyosomes,  63 
Keratohyalin,  380 

technic  for,  403 
Kidney,  323 

arched  collecting  portion  of  tubules,  323 

329 
blood-vesscb  of,  332 
cortical  substance  of,  323,  324 
distal  convoluted  portion  of  tubules, 

323.  329 
epithelium  of,  demonstration  of,  343 
intercalated  portion  of  tubules,  323,  329 
interlobular  arteries  of,  33  a 

veins  of,  334 
lymphatics  of,  334 
medullary  substance  of,  323 
nerves  of,  334,  335 
pelvis  of,  336 

mucosa  of,  337 
blood-vessels  of,  338 
proximal  convoluted  portion  of  tubules, 

323.  325 

secretory  processes  of,  335 

straight  collecting  tubules  of,  323 

technic  of,  342 

tubules  of,  demonstration  of,  34a 

vasa  affercntia  of,  332 
Knife,  double.  21 

microtome,  honing  of,  37 
sharpening  of,  37 
Kolliker's  interstitial  granules,  141 

muscle-columns,   140 
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Kolliker's  neuropodia,  151 
KoUmann's  cold  carmin  mass,  54 
Kolossow's  method  of  demonstrating  in- 
tercellular bridges,  96 
Kopsch's  method  of  impregnation,  52 
Kraiise,  end-bulbs  of,  170,  388 
cylindric,   172 
membrane  of,   137 
Kronecker's  fluid,  22 
Kiihne's  method  of  impregnation,  48 
Kupffer's  stellate  celb,  295 
Kytoblastema,  64 


Labittm  tympanicum,  487 

vestibulare,  487 
Laboratory  microtome,  33 
Labyrinth,  bony,  480 

development  of,  496 

membranous,  480,  481 
blood-vessels  of,  494 
technic  for,  497 

osseous,  480 

technic  for,  497 
Lacrimal  apparatus,  473 

glands,  473 
accessory,  470 
nerve  supply  of,  473 

sac,  474 
Lacteals  of  villi  of  small  intestine,  285 
Lacunae,  Howship's,  120 

of  bone,  112,  113 
LamelUe,  105 

bone,  113 

compostion  of,   114 
method  of  examining,  131 

circumferential,  inner,  113 
outer,  113 

concentric,  113 

fundamental,  113 

periosteal,  113 
Lamina  basilaris  propria,  489 

choriocapillaris,  452,  453 

cribrosa,  448,  465 

elastica  interna,  218 

fusca,  448 

propria  of  oral  cavity,  236 
of  tjmipanic  membrane,  477 

reticularis,  489,  493 

spiralis  membranacea,  485 
ossea,  484,  486 

suprachoroidea,  448,  452 

vasculosa  Halleri  of  choroid,  452 
Langerhans,  areas  of,  301 

cells  of,  300 
Large  intestine,  281.     See  also  Intestine, 

large. 
Larynx,  309 

cartilages  of,  310 

demonstration  of,  322 

mucous  membrane  of,  309 

nerves  of,  311 

vascular  supply  of,  310 
Lateral  column,  408 

mixed,  411 
Ledges,  terminal,  86 


Lens,  446 

apochromatic,  19 

capsule,  468 

collective,  19 

crystalline,  467 

anterior  epithelium  of,  468 

fibers,  468 

front,   19 

immersion,  19 

ocular,  19 

suspensonr  ligament  of,  467 

technic  of  475 
Lenticular  glands,  271 
Leucocyte-nucleus,  polymorphism  of,  193 
Leucocytes,   191 

granulations  of,  227 

in  epithelium  of  mucoiis  membrane  of 
small  intestine,  275 

method  of  counting,  232,  233 

mononuclear,   192 

motility  of,   193 

size  of,   192 

transitional,   192 

with  polymorphous  nuclei,  192 
Leucocytic  granules,  Ehrlich's,  192 
Leydig's  cells,  470 
Lieberkiihn's  glands,  88,  276 
Ligament,  suspensory,  of  lens,  467 
Ligaments,   105 

Ligamentum  nuchse  of  ox,  structure  of, 
106 

pectinatum  iridis,  454 

spirale,  485,  488 
Limbus  spiralis,  486,  487 
Lime-salts  in  bone,  hematoxylin  as  stain 
for,   132 
isolation  of,   132 
Limiting  membrane,  external,  of  retina, 
4S9»  462 
internal,  of  retina,  462 
Lines  of  Retzius,   239 

of  Schrager,  239 
Lingual  mucous  membrane,  247 
papillae  of,  247 

papillae,  247 
Linin,  63 

Liquor  folliculi,  347 
Liver,  289 

blood-vessels  of,  distribution   of,  dem- 
onstration, 306 
examination  of,  343 

connective  tissue  of,  294 

interlobular  veins  of,  293 

lobules,  289 

lymphatics  of,  297 

nerves  of,  298 

demonstration  of,  308 

reticular  fibers  of,  demonstration  cif  308 

reticulum  of,  294 

stellate  cells  of,  295 

technic  of,  306 

tissue,  technic  of,  307 

trabeculae  of,   290 
Liver-cells,  examination  oi,  $06 

glycogen  in,  demonstntioa  O^  306 
Loop,  Henle's,  323 
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Loop,  Henlc's  descending  limb  of,  327 
Lowit's  method  of  impregnation,  48 
Lugol's  solution  to  demonstrate  glycogen 

in  cartilage,  131 
Lung  alveoU,  314 

blood-vessels  of,  316 

lobules  of,  316 

lymphatics  of,  317 

nerves  of,  317 

structure,  units  of,  316 

tissue  of,  demonstration  of,  32a 
Lunula,  395 
Lutein,  353 

cells,  353 
Lymph,  186 

canalicular  system,  102 

capillaries,  224 
Lymphatic  networks  in  endocardium,  215 

system,  223 
Lymph-channels,  anterior,  of  eye,  469 

injection  of,  55 
Lymph-follicles,  germ  centers  of,  technic 
for,  234 

of  mucosa  of  vermiform  appendix,  281 

of  tongue,  251 

of  tonsils,  251 
solitary,  197 
technic  for,  306 
Lymph-glands,  196,  197 

blood  supply  of,  200 

capsule  of,  198 

hilum  of,  197 

lymph-sinuses  of,  199 
marrow,  201,  202 

technic  for,  233 

trabeculae  of,  198 

with  blood-sinuses,  200 
Lymph-nodules,  196 

agminatcd,  197 

of  mucosa  of  small  intestine,  279 
Lymphocytes,  191,  194 

size  of,  192 
LNTnphoid  tissue,  196 
Lymph-sinus,  199 
Lymph -spaces,  224 

injection  of,  55 

periaxial,  176 

perichoroidal,  452 
Ljrmph-supply  of  intestine,  283 
Lymph-vessels,  186,  223 

injection  of,  55 

of  central  nervous  system,  440 

of  kidney,  334 

of  large  intestine,  284 

of  liver,  297 

of  lung,  317 

of  mammary  glands,  402 

of  mouth,  260 

of  ovary,  354 

of  skin,  386 

of  small  intestine,  285 

of  testes,  367 

of  uterus,  357 


MacCallum's  nitric  acid  mixture,  23 


Macerating  solutions,  2  a 
alcohol,  22 
caustic  acid,  22 

potash,  22 
chromic  acid,  22 
hydrochloric  add,  23 
MacCallum's,  23 
nitric  acid,  23 

and  chlorate  of  potassium,  23 
sulphuric  acid,  23 
Maceration,  methods  of,  22 
Macula  acustica  sacculi,  481 
utriculi,  481 
lutea,  460 
region  of,  460 
Magenta  red  as  stain  for  connective  tissue, 

128 
Male  genital  organs,  361 

pronucleiis,  73 
Mallor/s   differential   stain  for  connec- 
tive-tissue   fibrilla    and    reticulum, 
128 
selective  neuroglia  fiber-staining  meth- 
ods, 445 
Malpighian  corpuscles,  202,  203,  323,  324 

pyramid,  323 
Mammary  gland,  400 

alveoli  of,  epithelium  of  401 
l}rmphatics  of,  402 
nerves  of,  402 
Mantle  fibers,  69 
Marginal  thread  of  spcrmatosome,  361 

zone,  81 
Marrow,   bone-,    207.     See    also  Bone- 
marrow. 
fat-,  207 

lymph-glands,  102,  203 
spaces,  primary,  118 
secondary,  120 
Marrow-cells,  208 
Martinotti's  cells,  418,  419 
Mast-cells,  104 

granules,  technic  of,  228 
Matrix  of  areolar  connective  tissue,  loa 
of  nail,  394 
sulciis  of,  394 
Mature  ovum,  351 

Mayer's  solutions  for  staining  mudn,  305 
Median  disc  of  Hensen,  137 

membrane  of  Heidenhain,  137 
Mediastinum  testis,  363 
Medullary  cords,  199 
rays,  323 
sheath,  157 
technic,  440 
Bcnda's,  442 
Pal's,  442 
VVeigert's,  440,  441 
substance  of  cerebellar  cortex,  416 
of  cerebral  cortex,  419 
of  hair,  390 
of  kidney,  323 
of  ovary,  344 
Meibomian  gland,  472 
Meissner's  corpuscles,   170,  387 
technic  of,  405 
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Meissner's  plexus,  387 
Membrana  capsulopupillaris,  468 
prseformativa,  244 
prima,  81 
propria,  88,  92 
of  pancreas,  301 
of  urinifcrous  tubules,  330 
pupillaris,  468 
tectoria  Cortii,  489,  493 
Membrane^  basement,  81,  88 
of  small  intestine,  278 
basilar,  488 
Bowman's,  449 
cell,  absence  of,  62 
Corti's,  489,  493 
Descemet's,  450 
endothelium  of,  451 
technic  of,  474 
elastic,  anterior,  of  cornea,  449 

posterior,  of  cornea,  450 
external  limiting,  of  retina,  459,  463 
fenestrated,  107 
glassy,  of  choroid,  452,  453 

of  hair,  391 
Heidenhain's,  137 
•     hyaloid,  of  vitreous  body,  467 
internal  limiting,  of  retina,  463 
Krause's,  137 

median,  of  Heidenhain,  137 
mucous.    See  also  Mucous  membrane. 
Nasmyth's,  238 
nuclear,  63 

of  central  nervous  system,  436 
oral  mucous,  fixation  of,  303 
otolithic,  483 
peridental,  242 

pigment,  of  eye,  446,  447.  457 
Reissner's,  485,  489 
rudder,  of  spermatosome,  361 
tympanic,  476.      See  also   Tympanic 

membrane. 
undulating,  of  spermatosome,  361 
vestibular  (Reissner's),  485,  489 
vitreous,  452,  453 
Meninges  of  central  nervous  system,  436 
Menisci,  tactile,  387 
technic  of,  405 
Merkel's  terminal  disc,  139 
Mesameboid  cells,  80 
Mesenchymatous  tissue,  97 
Mesenchyme,  8c 
Mesoderm,  58,  79 

cells  of,  80 
Mesothelial  cells,  80 

and    endothelial    cells,    method    of 
studying  relations,   95 
Mesothclium,  80,  92 
Metakinesis,  68 
Metaphases,  65,  68 

Mcthylenc-blue     stain,     Ehrlich's,     for 
nervous  tissues,  182 
for  nerve-fibers,    184 
Methyl-green  as  stain,  44 
Metschnikoff's  phagocytes,   60 
Meyer's     method     of     staining     nerve- 
fibers,  184 


Microcentrum,  191 
Microscope  and  its  accessories,  17 
coarse  adjustment  of,   18 
compound,   17 
description  of,  17 
fine  adjustment  of,  18 
parts  of,  17 
simple,  17 
■  Microscopic  preparation,  21 

preparations  of  undecalcified  bone,  131 
technic,  introduction  to,   17 
Microtome,  32 

knife,  honinsr  of,  37 
sharpening  of,  37 
laboratory,  33 
Minot  automatic  precision,  33,  34 

rotary,  34,  35 
precision,  33 
rocking,  33 
rotary,  35 
sUding,  33 
cutting   celloidin   sections   with,   36 

-  paraffin  sections  with,   35 
freezing  apparatus  for,   36 
Middle  ear,  478 

technic  for,  497 
Migratory  cells,  103,  104,  193 
Milk,  402 

secretion,  401 
Minot    automatic    precision   microtome 

ii^  34 
rotary  microtome,  34,  35 
Mitochondria,  60 
Mitosis,  64 

demonstration  of,  75 
heterotypic,   70 
homeotypic,  70 
Mitotic  cell-division  of  fertilized  white- 
fish  eggs,   66,   67 
ten  stages  of,  65 
Mitral  cells,  421 

of  olfactory  bulb,  421 
Mixed  gland,  258 

lateral  column,  411 
Modified  sweat-glands,   398 
Modiolus,  484 

Molecular  layer,  inner,  of  retina,  464 
of  cerebellar  cortex,  413 
of  cerebral  cortex,  417 
of  olfactory  bulb,  421 
outer,  of  retina,  45,  462 
movement  of  cells,  61 
Moll's  glands,  398,  470 
Monaster,  68 

Mononuclear  leucocytes,  192 
Monostratified  cells  of  retina,  464 
Montgomery's  glands,  402 
Morgagni,  hydatids  of,  360 
Morula  mass,  79 

Mossy  fibers  of  cerebellar  cortex,  416 
Mother  cell,  374 
nucleus,  64 
skein,  67 
Motor  end-plate,  163 
fibers,   162 
nerve-endings,  162 
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Motor  nerves ndings,  staining  of,  182 
neurones.  153 
peripheral,  162 
diagram  of,  163 
Mounting,  21,  52 
Mouth,  glands  of,  small,  259 

lymphatics  of,  260 
Muchematein,  305 
Mucicarmin,  305 
Mucin,   demonstration  of,   304,   305 

staining  of,  305 
Mucous  connective  tissue,  loc 
gland,  25s 

layer  of  tympanic  membrane,  478 
membrane,  gastric,   266 

intestinal,  general  structure  of,  264 
nerves  of,  demonstration  of,  306 
n£isal,  technic  of,  500 
of  Eustachian  tube,  479 
of  Fallopian  tubes,  354 
of  larynx,  309 
of  oral  cavity,  236 
of  pelvis  of  kidney,  337 

blood-vesseb  of,  338 
of  small  intestine,  274,  277 
blood-vessels  of,  284 
epithelium  of,  274 

leucocytes  in,  275 
lymph-nodules  of,  279 
villi  of,  274 
of  stomach,  fixation  of,  305 
of  tongue,  247 
of  uterus,  355 
of  vagina,  358 

epithelium  of,  358 
of     vermiform     appendix,     lymph- 
follicles  in,  281 
oral,  fixation  of,  303 
Mucus-secreting  cell,  87 
Miiller's  fibers,  454 
of  retina,  462 
fluid,  26 
Multicellular  glands,  88 

classification,  91 
Muscle  and  tendon,  relation  of,  method  of 
studying,   148 
ciliary,  454 
dilator,  of  pupil,  455 
heart,   145 

fibers  of,   MacCallum's    nitric  acid 

mixture  for  isolating,  23 
motor  nerve-supply  of,   166 
nonstriated,    motor    nerve-supply    of, 

166 
red,  141 

sphincter,  of  pupil,  455 
striated,     nerve-endings     in,     Sihler's 

method  of  demonstrating,    184 
white,  141 
Muscle-cells,  cardiac,  demonstration  of, 
148 
nonstriated,  134 
-of  fiJxTS  of  Purkinje,  147 
'Musrlc-columns  of  Kolliker,  140 
Muscle-fibers,  intrafusal,  175 

nonstriated,  demonstration  of,  148 


Muscle-fibers,  striated,  technic  of,  147 
striped,  136 

voluntary,  development  of,  144 
Muscular  coat  of  Fallopian  tubes,  355 
of  utenis,  356 
of  vagina,  359 
tissue,   134 

destruction  of,  144 
development  of,  144 
heart,  development  of,   146 
nerve-fibers  ending  in,  162 
striated,  blood-vesseb  in,  143 
technic  of,  147 
Muscularis  mucosae  of  intestine    265 
of  small  intestine,  279 
of  stomach,  271 
Musculus  ciliaris  Riolani,  471 
orbicularis  oculi,  471 
palpebralis  superior,  472 
Myelin  sheath,  157 
Myelocytes,  208 
Myeloplaxes,  209 
Myoblasts,  144 
Myocardium,  213 


Nail,  394 
bed,  394 

sulcus  of,  394 
body  of,  394 
lunula  of,  395 
matrix,  394 

sulcus  of,  394 
root,  394 
walls,  394 
Nasal  artery,  inferior,  of  retina,  466 

superior,  of  retina,  466 
cavity,  498 

blood-vesseb  of,  499 

nerves  of,  500 

technic  of,  500 

vestibule  of,  498 
duct,  474 

mucous  membrane,  technic  of,  500 
vein,  inferior,  of  retina,  466 

superior,  of  retina,  466 
Nasmyth's  membrane,  238 
Nerve  end-organs,  neuromuscular,  174 

neurotendinous,  178 
Nerve-celb,      149.    See    also    Ganglion 

cell. 
Nerve-endings,  annulospiral,   178 
flower-like,  178 
in  striated  muscle,  Sihler's  method  of 

demonstrating,  184 
motor,   162 

staining  of,   182 
peripheral,   162 
Ruflini's,  387 
sensory,   166 

encapsulated,  169 

free,   168,   169 

staining  of,   182 
Nerve-fibers,   157 

ending  in  muscle  tissue,  162 
layer  of  retina,  464 
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Nerve-fibers,   medullated,  demonstration 
of,  180 

of  teeth,  242 
methylene-blue  stain  for,   184 
nonmeduUated,   160 

demonstration  of,   182 
of  hair  follicles,  393 
of  utriculus,  483 
Nerves,  auditory,  494 

in  taste-buds',   demonstration  of,   304 
of  bladder,  339 
of  bronchi,  317 
of  ciliary  body,  456 
of  cornea,  451 

technic,  474 
of  dura  mater,  437 
of  epidermis,  technic  of,  405 
of  heart,  215 
of  intestine,  283 

of  intestinal  mucous  membrane,  dem- 
onstration of,  306 
of  iris,  456 
of  kidney,  334,  335 
of  lacrimal  gland, 
of  larynx,  311 
of  liver,  298 

demonstration  of,  308 
of  lung,  317 

of  mammary  glands,  402 
of  nasal  cavity,  500 
of  ovary,  354 
of  pancreas,  302 
of  penis,  372 
of  pia  mater,  439 
of  prostate,  370 
of  salivary  glands    260 
of  sclera,  451 
of  skin,  387 

of  suprarenal  glands,  342 
of  tongue,  252 
of  sweat-glands,  397 
of  testes,  367 
of  thvroid  gland,  320 
of  trachea,  311 
of  ureter,  339 
of  uterus,  358 
of  vagina,  360 

olfactory,  staining  fibers  of,  182 
optic,  446,  464 
pilomotor,  394 
supplying  blood-vessels,   223 
Nerve-trunk,   funiculi  of,    160 

compound,   162 
Nervous  system,  central,  406 
blood-vessels  of,  439 
fibrillar    elements     of.     Apathy's 
method  of  demonstrating,   442 
lymph  vesseb  of,  440 
membranes  of,  436 
technic  of,  440 
tissue,   148 

Ehrlich's   methvlene-blue  stain   for, 
182 

fixation  of,   183 

technic  of,   180 
tunic  of  eye,  446,  457 


Net-knots,  63 

Networks,  technic  for,  235 

Neura,  149 

Neuraxes,  148,  151 

Neurilemma,  158 

Neurilemma-nuclei,  158 

Neuroblasts,  148 

Neurodendron,  149 

Neuro-epithelial  cells,  92 

Neuro-epithelium,  92 

Neurofibrils,  Bethe's  method  of  staining, 

443 
Neuroglia,  434 

fibers,    Benda's    method    of    staining 

445 
Mallory's  methods  of  staining,  445 
staining  of,  444 
Neurogliar  cells,  434 
Neurokeratin,   157 

Neuromuscular    nerve    end-organs,    174 
Neurones,  149 
cell-bodies  of,   149 
independence  of,  theory  of,  156 
motor,   153 
peripheral,  162 
diagram  of,   163 
relationship  of,  431 
sensory,    peripheral,    diagram  of,   167 
Neuroplasm,   157 
Neuropodia,  151 

Neurotendinous  nerve     end-organ,    178 
Neutrophile  granules,  193 
technic  for,  228 
mixture  Ehrlich's,  229 
Nitric  acid  and  chlorate  of  potassium  as 
macerating  solution,  23 
aqueous    solution,    as    decalcifying 

fluid,   133 
as  fixing  solution,  26 
as  macerating  solution,  23 
MacCallum's,  23 
Nodes  of  Ranvier,   158 

demonstration  of,  180 
Nodules,  197 
cortical,  198 
lymph-,  196 
agminated,   197 

of  mucosa  of  small  intestine,  279 
secondary,   197 

terminal,  of  spermatosome,  361 
Normoblasts,  208 
Nuclear  division,  64 

layer,  inner,  of  retina,  459,  462 
membrane,  63 
stains,  41 
Nuclein,  63 
Nucleolus,  58 

true,  63 
Nucleus,  58,  62 

achromatic  portion  of,  63 

chromatoid  accessory,  of  Benda,   377 

contents  of,  62 

daughter,  64 

direct  fragmentation  of,    71 

dorsalis,  408 

gray,  central,  of  cerebella'-  cortex,  416 
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Nucleus,    leucocyte-,    polymorphism   of, 

193 
mother,  64 
of  spermatid,  377 
resting,  63 
segmentation,  71 
sole,   163 
tclolemma,   163 
Nuel's  space,  492 


Ocular  lens,  19 
Odontoblasts,  240,  241,  244 
Odontoclasts,  247 
Olfactory  bulb,  421 

glomerular  layer  of,  421 
granular  layer  of,  421 
mitral  cells  of,  421 
molecular  layer  of,  421 
peripheral  fibers  of,  421 
cells,  498 
hairs,  499 
region,  498 

epithelium  of,  498 
nerve,  fibers  of,  staining  of,  182 
Oocytes,  350 
Optic  cup,  447 
nerve,  446,  464 

blood-vessels  of,  465 
papilla,  460 

region  of,  460 
stalks,  446 

vesicles,  primary,  446 
secondary',  447 
Ora  .serrata,  461 
Oral  cavity,  235 
glands  of,  253 
mucous  membrane  of,  236 

fixation  of,  303 
submucosa  of,  236 
Orbiculus  ciliaris,  453 
Orcein  as  stain  for  connective  tissue,  128 
Osmic  acid  as  fixative  for  cartilage,  130 
as  fixing  solution,  24 
as  stain  for  adipose  tissue,  130 
Osseous  labyrinth,  480 
Ossicles,  auditor)',  478 
Ossification,  centers  of,   116 
groove,   1 2 1 
of  cartilage,   11 1 
ridge,   121 
Osteoblasts,   118 
Osteoclasts,   1 20 
Otolithic  membrane,  483 
Otoliths,  483 
Outer  fiber  layer  of  retina,  461 

molecular  layer  of  retina,  459,  462 
Ovarian  tissue,  fixation  of,  378 
Ovar>'.  344 
antrum  of,  347 
blood-vessels  of,  354 
cortex  of,  344 
germinal  epithelium  of,  345 
lymy)hatics  of,  354 
medullary  substance  of,  344 
nerves  of,  354 


Ovary,  stratum  granulosum  of,  345 

stroma  of,  344 

technic  of,  378 
Ovula  NabotW,  356 
Ovum,  71,  344 

changes  in,  during  development,   350 

mature,  351 

primitive,  345,  350 

ripe,  350 

tc'chnic  for,  378 

vacuole  of,  344 
Oxychromatin  granules,  63 


Pacchionian  bodies,  438 
Pacinian  corpuscles,  38^ 

technic  of,  405 
Pal's     method     for     demonstration     of 

medullary  sheath,  442 
Pancreas,  298 
blood-vessels  of,  302 
cells  of,  inner  and  outer  zones,  methods 

of  differentiating,  308 
intermediate  tubule  of,  300 
intertubular  cell-masses  of,  301 
intralobular  duct  of,  300 
membra  na  propria  of,  301 
nerves  of,  302 
technic  of  308 

zymogen  granules  in,  demonstration  of, 
308 
Pancreatic  duct,  298 
Panniculus  adiposus,  384 
Papilla,  84 
circumvallate,  249 
dentinal,  243 
filiform,  248 
foliate,  249 
fungiform,  248 
hair,  389 
lingual,  247 
optic,  460 

region  of,  460 
spirals  cochlea,  481 
tactile,  383 
vascular,  383 
Papillary  artery,  inferior,  of  retina,  466 
superior,  of  retina,  466 
vein,  inferior,  of  retina,  466 
superior,  of  retina,  466 
Paracarmin  as  stain,  42 

in  bulk,  46 
Paradidymis,  367 
Paraffin  imbedding,  27 
diagram  for,  30 
infiltration,  27 

diagram  for,  30 
removal  of,  40 

sections,     rutting     of,     with     sliding 
microtome,  35 
dextrin  method  of  fixing,  40 
distilled  water  for  fixing  of,  to  slide, 

^r) 
fixing  of  large  numlx-rs  to  cover-slijjs, 

.^9 
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Paraffin    sections,   glycerin-albumen   for 
fixing   of,    to  slide,  38 
Japanese  method  of  fixing  to  slide,  39 
Paralinin,  63 
Paranuclein,  63 
Paraplasm,  60 
Parareticular  cells,  464 
Parathyroid  glands,  321 
Parodphoron,  360 
Parotid  gland,  255 
Pars  ciliaris  retinae,  453,  461 

iridica  retinae,  461 

papillaris,  382 

reticularis,  382 
Partsch's  cochineal  solution,  4a 
Pellicula,  62 
Pelvis  of  kidney,  336 
mucosa  of,  3^7 
blood-vessels  of,  338 

renal,  336 
Penis,  370 

erectue  tissue  of,  371 

nerves  of,  372 
Pepsin,  effect  of,  on  connective  tissue, 

128 
Peptic  glands,  268 
Perforating  fibers  of  cornea,  450 
Periaxial  lymph-space,  176 
Pericardium,  214 
Pericellular  plexuses,  428 
Perichondrium,  109 
Perichoroidal  lymph-spaces,  452 
Peridental  membrane,  242 
Perilymph  of  cochlea,  496 
Perilymphatic  spaces,  224 
Perimysium,  143 
Perineurium,  161 
Periosteal  lamellae,  113 
Periosteum,  112 

alveolar,  242 

future,   116 
Peripheral  fibers  of  olfactory  bulb,  421 

motor  neurones,  162 
diagram  of,  163 

nerve  terminations,  162 

sensory  neurone,  diagram  of,  167 
Peritendineum,  105 
Perivascular  spaces,  224 
Petit's  canal,  467 
Petit  and  Ripart's  solution,  22 
Peyer's  patches,  265 
technic  for,  306 
Pfliiger's  egg  tubes,  345 
Phagocytes,   193,  194 

Metschnikoff's,  60 
Phalangeal  plate,  491,  492 

process,  491 
Pharyngeal  tonsils,  252 
Pharynx,  262 

Physiologic  excavation  of  retina,  460 
Pia  intima,  438 

mater,  438 
nerves  of,  439 
Pial  funnels,  439 
Picric  acid  as  fixing  solution,  25 
as  stain,  45 


Picric  acid  for  fixing  cells,  75 
Picric-nitric    acid   as   a  fixing   solution, 

Picric-osmic-acetic  acid  solution  as  fixing 

fluid,  25 
Picric -sublimate-osmic  solution  as  fixing 

fluid,  25 
Picrocarmin    as    stain     for    connective 
tissue  in  cartilage,  131 
for  elastic  fibers  in   cartilage,    131 

of  Ranvier,  44 

of  Weigert,  45 
Picra<iulphuric    acid   as   fixing  solution, 

25 
Pigment,  97 

cells,  77,  104 

membrane  of  eye,  446,  447,  457 

of  cells,  61 

of  skin,  384 
technic  of,  404 
Pillar  cells,  490 
heads  of,  490 
inner,  490 
outer,  490 
Pilomotor  nerves,  394 
Pineal  gland,  422 

Pituitary  body,  423.    See  also  Hypophy- 
sis. 
Plasma,  blood,  187 

cells,  104 
Plate,  phalangeal,  491,  492 
Platelets,  blowl,  fixation  of,  227 
Plates,  technic  for,  235 
Pleura,  visceral  and  parietal  layer  of,  319 
Plexus,  choroid,  439 

epilamellar,  261,  397 

ground,  of  cornea,  451 

Heller's,  283 

hypolamellar,  261 

intracapsular,  429 

myentericus,  286 

of  Auerbach,  286 

of  Meissner,  287 

pericellular,  428 

subepithelial,  of  cornea,  451 

superficial,  of  cornea,  451 
Plica;  palmatx,  356 

semilunarcs,  282,  473 

sigmoidcae,  266 

transversales  recti,  282 
Plural  staining,  44 
Plurifunicular  cells,  408 
Polar  body,  72 

field,  70 

rays,  68 
Polarity  of  cells,  8r 

Polygonal   cells  of  cerebral  cortex,   417 
Polykarj'ocyte,   193 

Polymorphism  of  leucocyte-nucleus,   193 
Polvmorphous   cells  of  cerebral   cortex, 

418 
Polynuclcar  cells,  70 
Polystratified  cells  of  retina,  464 
Portal  vein,  292 
Posterior  hyaloid  arteries,  468 

vertical  semicircular  canal,  480 
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T.rtfr.  406 
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■t  •■   .X'Cir-njarrow,  207 

-.s^l^fs.  141 
x.T-rtf-xxI    corpuscles,     187.     See    also 

\:-js&rxr's  membrane,  485,  48<; 
■i,--r-iJit'5  fibers,  160 

demonstration  of,  182 
Si-s^  arter>',  332 
A^bes.  323 
:>elvis,  336 
Riraflement  biconique,   158 
RiTspiration,   organs  of,  309 

technic  of,  322 
Respiratory  bronchioles,  313 
elastic   fibers,    demonstration    of,   322 
epithelium,  315 

examination  of,  322 
Region,  498 
Resting  nucleus,  63 
Rete  testis,  363 

canals  of,  365 
Retia  mirabilia,  222 

arterial,  333 
Reticular  t«>nnective  tissue,  100 
cells  of,   100 
fibers  of  liver,  demonstration  of,  308 
tissue,  demonstration  of,  234 
Reticulum  of  liver,  294 
Retina,  446,   447,  457 
arteries  of,  466 
l)l(X)d-vessels  of,  465 
central  artery  of,  465 

vein  of,  465 
cone-fibers  of,  459 
external    limiting   membrane   of,    459, 

462 
fi))er-baskets  of.  462 
ganglion-cell  layer  of,  459,  464 
inferior  nasal  artery  of,  466 
vi'in  i}{.  466 
papillar}-  vein  of,  466 
inner  molecular  layer  of,  464 
nudrar  layer  of.  45(),  462 
internal  limiting  mt-mbrane  of,  462 
macula   lutea  n{,  460 
Miillrr'-;  tibiTs  <tf,   4f)2 
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Retina,  nerve-fiber  layer  of,  464 

optic  papilla  of,  460 

ora  serrata  of,  461 

outer  fiber  layer  of,  461 

molecular  layer  of,  459,  462 

pars  ciliaris  retinse,  461 
iridica  retime,  461 

physiologic  excavation  of,  460 

relation  of  elements  of,  to  one  another, 
462 

rod-fibers  of,  458 

superior  nasal  artery  of,  466 
vein  of,  466 
papillary  artery  of,  466 
vein  of,  466 

technic  of,  475 
Retinacuke  cutis,  384 
Retzius,  end-piece  of,  361 

lines  of,  239 
Ring,  contraction-,   158 
Ripart  and  Petit's  solution,  22 
Ripe  ovum,  350 
Rocking  microtome,  33 
Rod-fibers  of  retina,  458 
Rod-visual  cells,  458 

bipolar  cells  of,  463 
Rolando's  gelatinous  substance,  408 
Root -sheaths    of    hair,    389.    See    also 

Hair,  root-sheaths  of. 
Rose's  carmin-bleu  de  Lyon,  45 
Rouleaux,  187 

Rudder  membrane  of  spermatosome,  361 
Ruffini  end-organ,  388 


Sabin's  modification  of  Mallory's  differ- 
ential stain  for  connective-tissue  fi- 
brilbe  and  reticulum,  129 

Sacculus,  481,  482 
ventral,  496 

Saccus  endolymphaticus,  481,  496 

Safranin  as  stain,  44 

Salivary  glands,  253,  255 
blood  supply  of,  259 
nerve  supply  of,  260 

Salts,    lime-,    in    bone,    hematoxylin    as 
stain  for,   132 
isolation  of,   132 

Sarcolemma,  135,   137 

Sarcolytes,   144 

Sarcomeres,   138 

Sarcoplasm,   135,   137 

Sarcous  elements,   141 

Scala  media,  485 
tympani,  485 
vestibuli,  485 

Schachowa's  spiral  segment,  327 

Srhlemm's  canal,  448 

Schmidt-Lantermann-Kuhnt's   segments, 

Schmorl's  method  of  staining  bone  cor- 
puscles,  133 
Schrager's  lines,  239 
Schron's  granule,  344 
Schultze's  iodized  serum,  22 
Schwann,  sheath  of,   158 


Sclera,  446,  448 

blood-vessels  of  449 

nerve  supply  of,  451 

technic  of,  475 
Scleral  conjunctiva,  448 

sulcus,  inner,  449 
Sebaceous  glands,  398 
Secondary  marrow  spaces,  lao 

optic  vesicle,  447 

tendon  bundles,  105 
Secretion,  milk,  401 

of  intestine,  288 

of  prostate,  370 

process  of,  92 

vacuoles,  291 
Secretory  processes  of  kidney,  335 
Sectioning,  32 
Sections,  21 

staining  of,  41 
Sectionwork,  appropriate  stains  for,  235 
Segmentation  nucleus,  71 
Segments,  Schmidt-Laiitermann-Kuhnt's, 

IS7 
spiral,  of  Schachowa,  327 
Selective  stains,  41 
Semicircular  canal,  483 

anterior  superior  vertical,  480 
external,  480 
horizontal,  480 

posterior  inferior  vertical,  480 
Semilunar  fold,  484 
Seminal  cells,  primitive,  372 
fluid,  examination  of,  378 
vesicles,  368 
Sense  cells,  81 
Sensory  nerve-endings,   166 
encapsulated,   169 
free,   168,   169 
staining  of,   182 
neurone,   peripheral,   diagram  of,    167 
Septa  renis,  324 
Septum  posticum,  438 
Serous  cavities,   224 

gland.  255 
Sertoli's  cells,  364 
Sexual  cells,  fertilization  of,  71 
male,  development  of,  72 
matured,   71 
Sharpening  microtome  knife,  37 
Sharpey,  fibers  of,    115 

method  of  isolating,   134 
Sheath,  axial,    176 
Henlc's.   162 
medullary,    157 
technic,  440 
Bcnda's,  442 
Pal's,  442 
Wcigert's,  440,  441 
myelin,    157 

of  axial  thread  of  spermatosome,  361 
of  Schwann,   158 
Shedding  hair,  393 

Sihler's  method  of  demonstrating  nerve- 
endings  in  striated  muscle,  184 
Silver  nitrate  as  injection  fluid,  55 
method  of  impregnation,  47 


524 


INDEX. 


Simple  epithelium,  82.    See  also  Epithe- 
lium, simple. 

microscopes,   17 
Sinus,  blood,  222 

lactiferus,  400 

lymph-,  199 

pocularis,  370 
Sinuses,  222 
Sinusoids,  221 
Skein,  mother,  67 
Skin,  379 

and  appendages,  379 
technic  of,  403 

glands  of,  396 

lymph-vessels  of,  386 

nerves  of,  387 

pigment  of,  384 
technic  for,  404 

structure  of,  technic  for,  404 

true,  379 

vascular  system  of,  386 
Slide  digestion  for  connective  tissue,  129 
Slides,  20 

Sliding  microtome,  33.     See  also  Micro- 
tome, sliding. 
Small  intestine,  274.    See  also  Intestine, 

small. 
Smell,  organ  of,  498 
Sole  nuclei,  163 

plate,  granular,  163 
Somatic  cell,  71 

Specimens,  permanent,  preparation  of,  52 
Spermatids,  72,  374 

develoment    of,    into    spermatosomes, 
374,  376 

nucleus  of,  377 

protoplasm   of,   chromatoid   accessory 
nucleus  of,  377 
sphere  substance  of,  376 
Spermatoblast,  376 
Spermatocytes,  70,  72 

of  first  order,  374 

of  second  degree,  374 

of  third  degree,  374 
Spermatogenesis,  372 

schematic  diagrams  of,  373 

technic  of,  378 
Spermatogones,  72 
Spermatogonia,  372 
Spermatosome,  361 

accessory  thread  of,  361 

axial  thread  of,  361 
sheath  of,  361 

development  of,  from  spermatids   374 
376 

flagellum  of,  361 

head  of,  361 

marginal  thread  of,  361 

middle  piece  of,  361 

rudder  membrane  of,  361 

tail  of,  361 

terminal  nodule  of,  361 

undulating  membrane  of,  361 
Spermatozoa,  60,  71,  73 
SpermatozfX)n,    361.     See   also   Sperma- 
tosome. 


Sphere     substance    of     protoplasm     of 

spermatids,  376 
Sphincter  muscle  of  pupil,  455 
Spider  celb;  435 
Spinal  cord,  406 

anterior  median  fissure  of,  406 
commissures  of,  412 
gray  substance  of,  406,  409 
horns  of,  408 

posterior  median  septum  of,  406 
white  substance  of,  406,  409 
ganglia,  424 

ganglion  cell  of  Dogiel,  426 
Spindle,  achromatic,  68 

central,  68 
Spindle-shaped  cells  of  cerebral  cortex, 

417 
Spiral  ganglion  of  cochlea,  494 

organ  of  Corti,  489 

segment  of  Schachowa,  327 
Spirem,  67 
Spleen,  202 

blood  supply  of,  203 

lobules,  204 
diagram  of,  205 

trabecule  of,  203 
Splenic  pulp,  structure  of,  206 

tissue,  demonstration  of,  234 
Splenolymph  glands,  201 
Spongioblasts,  434 

diffuse,  464 

stratum,  464 
Spongioplasm,  60,  274 
Spot,  Wagner's,  344 
Staining,  41 

blood-cells,  227 

blood  films,  Wright's  method,  229 

bone    corpuscles,    Schmorl's    method, 

double,  44 

of  cells,  76 
fibers  of  olfactory  nerve,  182 
in  bulk,  46 

diagram  for,  47 
in  sections,  diagram  for,  47 
motor  nerve-endings,  182 
neurofibrils    and    Golgi-nets,    Bethe's 

method,  443 
neuroglia,  444 

fibers,  Benda's  method,  445 
Mallory's  methods,  445 
plural,  44 
section,  41 

sensory  nerve-endings,  182 
Stains,  41 
add,  41 

fuchsin-picric    acid     solution,    van 
Gieson's,  45 

hemalum,  43 
alkaline  purpurin,  for  calcium  carbon- 
ate in  bone,  132 
alum-carmin,  42 

for  bulk,  46 
anilin,  44 
basic,  41 
Biondi-Heidenhain  triple,  46 
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Stains,  Bismarck  brown,  44 
borax-cannin,  alcoholic,  41 
for  bulk,  46 

aqueous,  41 
carmin,  41 

carmin-bleu  de  Lyon,  45 
coal-tar,  44 

Czocor's  cochineal  solution,  42 
dififerential,    for    connective-tissue    fi- 

brilUe  and  reticulum,  128 
Ehrlich's  methylene-blue,  for  nervous 

tissues,  182 
eosin,  for  blood-cells,  227 
for  adipose  tissue,  130 
for  canalicular  system  in  cartilage,  131 
for  mucin,  305 
for  sectionwork,  235 
fuchsin-resordn  elastic  fibers,  128 
gold  chlorid,  for  capsules  of  cartilage, 

131 
Heidenhain's  iron,  for  bulk,  46 
hemalum,  43 

acid,  43 

for  bulk,  46 
hematoxylin,  Bohmer's,  42 
for  bulk,  46 

Delafield's,  43 

Ehrlich's,  43 
for  nuclei  and  granules,  228 

for  lime-salts  in  bone,   132 

Friedlandcr's  glycerin-,  43 
hematoxylin-eosin,  45 
hematoxylin-safranin,  46 
hematoxylon,  42 

Heidenhain's  iron,  43 
iodo-iodid  of  potassium,  to  demonstrate 

glycogen  in  cartilage,  131 
magenta  red,  for  connective  tissue,  128 
methylene-blue,  for  nerve-fibers,  184 
methyl-green,  44 
nuclear,  41 

orcein,  for  connective  tissue,  128 
paracarmin,  42 

for  bulk,  46 
Partsch's  cochineal  solution,  42 
picric  acid,  45 
picrocarmin,  Ranvier's,  44 

Weigert's,  45 
protoplasmic,  41 
safranin,  44 
selective,  41 

Sudan  III,  for  fat,  130 
triple,  46 
Stars,  daughter,  374 
Stellate  cells  of  cerebellar  cortex,  415 

large,  of  cerebellar  cortex,  416 

of  cerebral  cortex,  417 

of  liver,  295 
Stellulse  vasculosa;,  453 
Steno's  ducts,  253 
Stomach,  264,  266 
blood-vessels  of,  284 
crypts  of,  266 
epithelium     and     secretory    cells    of, 

changes    in,    during    secretion,    271 
foveolje  of,  266 


Stomach,  glands  of,  267 
cardiac,  267 
fundus,  268 
pyloric,  269 

mucous  membrane  of,  ^266 
fixation  of,  305 

muscularis  mucosae  of,  271 
Stomach-pits,  266 
Straight  tubuiles  of  testes,  363 
Stratified  epithelium,  83.  See  also  Epithe- 
lium, stratified. 
Stratum  circulare,  477 
of  intestine,  266 

corneum,  379,  381 

fibrosum  of  intestine,  265 

germinativum,  379 

granulosum,  379 
of  ovary,  347 

longitudinale  of  intestine,  266 

lucidum,  381 
technic  for,  403 

Malpighii,  379 
technic  of,  403 

proprium  of  oral  cavity,  236 

radiatum,  477 

spongioblasts,  464 

submucosum  of  oral  cavity,  236 
Stria  vascularis,  488 
Striated  muscle,   nerve-€ndings  in,   Sih- 
ler's  method  of  demonstrating,   184 

muscle-fibers,  technic  of,  147 

muscular  tissue,  blood-vesseb  in,  143 
Striation  of  Baillarger,  421 

of  Bechtereff  and  Kaes,  421 

of  iris,  455 

of  ovar>-,  344 

of  red  blood -corpuscles,  187 
Subarachnoid  space,  437 
Subdural  space,  437 
Subepithelial  plexus  of  cornea,  451 
Sublingual  gland,  255 
Submaxillary  gland,  258 
Submucosa  of  intestine,  265 

of  oral  cavity,  236 

of  urethra,  372 
Substantia  propria  of  cornea,  449 

technic  for,  474 
Succus  prostaticus,  370 
Sudan  III  as  stain  for  fat,   130 
Sudoriparous  glands,  396.  See  also  Suvat- 

glands. 
Sulcus  of  matrix  of  nail,  394 

spiralis  internus,  487 
Sulphuric  acid  as  macerating  solution,  23 
Superficial  plexus  of  cornea,  45 1 
Superior  nasal  artery  of  retina,  466 
vein  of  retina,  466 

papillary  artery  of  retina,  466 
vein  of  retina,  466 
Suprarenal    capsule,    demonstration    of, 

343 
glands,  339 

blood-vessels  of,  341 

nerves  of,  342 
Suspensory  ligament  of  lens,  467 
Sustentacular   cells,    92,    250,    372,    483 
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rxAmtnatku)  of.  378 
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^i,  367 
aibufcs  of,  363 
aaa.  :sh9nemia  of,  363,  365 
T?at»a  roilicuii,  347 
:?am  sTwid,  473 
!7krfi&*  5  ompulke,  204 

^'viscnrastuck,  204 
rVffistrZeiss  hemocytometer,  232 
T*liTsui-^nuiuIes,  60 
r^mjmJ'wcTtes,  194 
rVnmis  ^and,  210 

bkwd  supply  of,  212 
T!moid  gland,  319 

acini  of,  chief  cells  of,  320 

coUoid  cells  of,  320 
blood  supply  of,  320 
demonstration  of,  322 
nerves  of,  320 
granules,  149 
Tissue,  79 
adipose,  107 

stain  for,  130 
connective,    96.     See    also    Connective 

tissue. 
effect  of  high  temperature  on,  29 
elastic,  effect  of  trypsin  digestion  on, 
127 
method  of  obtaining,  127 
epithelial,  80 
erectile,  371 
fibrous,  elastic,   106 
liver,  technic  of,  307 
lymphoid,  196 
mesenchymatous,  97 
muscular,   134 

destruction  of,   144 
development  of,   144 
heart,  development  of,   146 
nerve-fibers  ending  in,  162 
striated,  blood-vessels  in,  143 
technic  of,   147 
nervous,   148 

Ehrlich's   methylene-blue  stain  for, 

182 
fixcition  of,   183 
technic  of,   180 
ovarian,  fixation  of,  378 
pulmonary,  demonstration  of,  322 
reticular,  demonstration  of,  234 
splenic,  demonstration  of,  234 
Toison's  fluid  for  diluting  blood,  232 
Tomes'  granular  layer,  246 

processes,   244 
Tongue,   247 

lymph-follicles  of,  251 
mucous  membrane  of,  247 
nerve  supply  of,  252 
papilla?  of,  247 
Tonsils,   Ivmph-follicles  of,  251 

pharyngeal,  251 
Trabecular  of  liver,  290 
of  lymph-glands,   198 
of  spleen,  203 
Trachea,  310 

demonstration  of,  322 
nerves  of,  311 
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Transitional  epithelium,  85 

leucocytes,   192 
Triple  stains,  46 
Trophoplasts,  385 
Trypsin  digestion,   eflFect  on  connective 

and  elastic  tissues,  127 
Tubular  glands,  89 
coiled,  90 

compound  branched,  90 
reticulated,  90 
simple  branched,  90 
Tubules,  convoluted,  of  testes,  363 
dentinal,  240 

intermediate,  of  pancreas,  300 
of  kidney,  demonstration  of,  342 
straight  collecting,  of  kidney,  323 

of  testes,  363 
uriniferoiis,  323 
membrana  propria  of,  330 
Tubuli  recti,  363 
Tubulo-alveolar  gland,  90 
Tunica  albuginea,  92,  344,  362 
dartos,  384 
externa  of  eye,  446 
fibrosa  of  eye,  446,  448 
interna  of  eye,  446,  457 
mucosa  of  intestine,  265 
propria  of  oral  cavity,  236 
sclerotica,  446,  448.     See  also  Sclera. 
vaginalis,  362 
vasculosa,  362 
of  eye,  446,  452 
Tunics  of  eye,  446 
Tunnel-fibers,  494 
Tympanic  investing  layer,  489 
membrane,  476 

cutaneous  layer  of,  476 

epidermis  of,  476 
lamina  propria  of,  477 
mucous  layer  of,  478 
Tympanum,  478 
Tyson,  glands  of,  372 


Undecalcified  bone,  microscopic  prep- 
arations of,  131 
Undulating  membrane  of  spermatosome, 

361 
Unicellular  glands,  87 
Unna's  orcein  stain  for  connective  tissue, 

128 
Ureter,  336 

nerves  of,  339 

technic  of,  343 
Urethra,  epithelium  of,  371 

submucosa  of,  372 
Urinary  organs,  323 
Uriniferous  tubules,  323 

membrana  propria  of,  330 
Uterus,  355 

blood  supply  of,  357 

lymphatics  of,  357 

mucous  membrane  of,  355 

muscular  coat  of,  356 

nerves  of,  358 
Utriculosaccular  duct,  48*. 


Utriculus,  481,  482 
dorsal,  496 
nerve-fibers  of,  483 
wall  of,  483 


Vacuole  of  ovum,  344 
Vacuoles,  61 

secretion,  291 
Vagina,  358 

mucous  membrane  of,  358 
epithelium  of,  358 

muscular  coat  of,  359 

nerves  of,  360 

vestibule  of,  epithelium  of,  360 
Valves,  auricuJoventricular,  of  heart,  213 

of  veins,  220 
Valvula  conniventes,  265,  274 
Van    Gieson's    acid    fuchsin-picric    acid 

solution,  45 
Vas  aberrans  Halleri,  366 

deferens,  367 

epididymidis,  364,  366 

spirale,  489 
Vasa  afferentia,  197 
of  kidney,  332 

cfferentia,  197 

of  testes,  363,  365 

recta  spuria,  334 
Vascular  canals,  112 

papUlae,  383 

supply  of  larynx,  310 

system,  213 
of  skin,  386 

tunic  of  eye,  446,  452 
Vater-Pacinian  corpuscles,  1 73 

distribution  of,  174 
Veins,  219 

central,  of  retina,  465 

interlobular,  of  kidney,  334 
of  liver,  293 

nasal,  inferior,  of  retina,  466 
superior,  of  retina,  466 

papillary,  inferior,  of  retina,  466 
superior,  of  retina,  466 

portal,  292 

precapillary,  220 

small,  220 

temporal,  inferior,  of  retina,  466 
superior,  of  retina,  466 

valves  of,  220 
Venae  arciformes,  334 

stellatse,  334 

vorticosse,  452 
Ventral  sacculus,  496 
Ventrolateral  column,  408 
Ventromesial  column,  408 
Venuke  rectse,  334 
Vermiform  appendix,  mucosa  of,  l}'mph- 

follicles  of,  281 
Vesicles,  germinal,  71 

optic,  primary,  446 
secondary,  447 

Purkinje's,  344 

seminal,  368 

(Reissner's),  485,  489 


icular  fiber    492 

lands,  396 

arics  of,  397 

I  portion  of,  396 

aed,  398 

5  of,  397 

hetic  ganglia,  427 

im,  97 

3pment  and  difTcrei 


t  corpuscles,  Meitt 
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ci,  387 
inic  of,  405 

coll,  266 
marcs,  282 
acid,   efTect   on  1 
«,  189 

n  cellulosum,  453 
L»m    453 
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ids,  249 
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ses,  65,  70 
ature,  high,  effec 
al  artery,  inferioi 
erior,  of  retina,  . 
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erior  oJf  retina,  4 
.  105 

muscle,    relation 
dying,   148 
les,  primary,   105 
ondary,  105 
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SAUNDERS*  SUCCESSFUL  PUBLISHING 

AS  is  well-known,  the  lists  of  most  |)ublishcrs 
contain  a  number  of  books  that  have  never 
paid,  and  for  which  the  publisher  will  never  get 
back  the  money  invested.  Messrs.  \V.  II  Saunders 
Sc  Company  would  call  attention  to  the  fact  that 
they  have  no  such  works  on  their  list.  In  all  the 
years  of  their  business  experience  they  have  never 
published  a  book  at  a  loss.  This  they  confidently 
consider  a  most  remarkable  record,  and  submit  the 
fact  to  the  attention  of  the  jjrofession  as  an  example 
of  what  might  justly  be  called  "Successful  Pub- 
lishing." 
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PRACTICE  OF  MEDICIiXE, 


AMERICAN   EDITION 

NOTHNAGEL'S  PRACTICE 


VOLUMES   NOW  READY 


Typhoid  and  Typhus  Fevers 

By  Du.  H.  CuRscHMANN,  Professor  of  Medicine  in  Leipsic.  The  entire 
volume  edited,  with  additions,  by  William  f)SLER.  M.  D.,  F,  R,  C.  P.. 
Professor  (tf  the  Principles  and  Tractice  of  Medicine,  Johns  Hopkins  Univer- 
sity, Bahimore.  Octavo,  646  pages,  illustrated.  Cloth,  S5.00  net  ;  Half 
Morocco,  #6.00  net. 

"Under  the  editorial  supervision  of  Dr.  Osier,  the  original  German  work,  excellent 
though  it  is,  has  been  much  improved,  greatly  enlarged,  and  enhanced  in  value,  espe- 
cially to  American  readers.  .  .  .  The  monograph  on  typhoid  fever  is  the  best  exponent 
of  the  knowledge  that  wc  have  in  regard  to  ttiis  disease  that  is  to  be  had  m  any  lan- 
guage,"— /t>urnal  ,}f  the  Americiin  Affiinxl  Asstyciation. 

Smallpox  (including  Vaccination),  Varicella,  Cholera  Asiatica, 
Cholera  Nostras,  Erysipelas,  Erysipeloid,  Pertussis,  and 
Hay  Eever 

liy  Dk,  H.  Immermann,  of  Basle :  Dr.  Th.  von  Jurgensen,  of  Tubin- 
gen ;  Dk.  C.  Liebkrmeister.  of  Tiibingen  ;  Dr.  H.  Lenhartz.  of  Ham- 
burg ;  and  Dr.  G.  Sticker,  of  Giessen.  The  entire  volume  edited,  with 
additions,  by  Sir  J.  W.  Moore.  M.  D.,  F.  R.  C.  P.  I..  Professor  of  Prac- 
tice, Royal  College  of  Surgeons,  Ireland.  Octavo,  682  pages,  illtistrated. 
Cloth,  55.00  net;   Half  Morocco,  it6.oo  net. 

"  Ur.  Immermann's  vindication  of  vaccination  in  the  prophylaxis  of  smallpox  will  be 
read  with  peculiar  interest  at  the  present  time,  since  it  is  probably  the  most  complete 
and  unassailable  indictment  of  the  propaganda  of  anlivaccination  fanatics  which  has  ever 
been  [lublisheiL" — Thf  London  Liincft. 

Diphtheria,  Measles,  Scarlet  Fever,  and  Rotheln 

By  WiLLiA.M  V.  NdRTHRUP,  M.  D. ,  of  New  York,  and  Dr.  Th.  von 
JiJRGE.ssEN,  of  Tiihjngen.  The  entire  volume  edited,  with  additions,  by 
\ViLLiA\f  P.  NoRTHKLP.  M.  1).,  Professor  of  I'ediatrics,  University  and 
Bellevue  Hospital  Medical  College.  New  York.  Octavo,  672  pages,  illus- 
trated, including  24  full-page  plates,  3  in  colors.  Cloth.  S^^.oo  net  ;  Half 
Morocco,  56.00  net. 

"•  The  author  is  to  lie  congratulated  on  the  exhaustive  and  practical  manner  in  which 
he  presents  the  subject.  .  .  .  The  articles  on  measles,  scarlet  fever,  and  German  measles 
are  exhaustive  treatises,  with  numerous  .idditions  by  the  American  editor," — Journal 
of  ihi  Amirican  Medical  Asxociation. 

Dtieases  of  the  Bronchi,  Diseases  of  the  Pleura,  and  In- 
flammations of   the  Lun^s 

By  Dr.  F.  .A.  HnFF.MANN.  of  Leipsic  ;  Dr.  O.  Rosexbach,  of  Berlin  :  and 
Dr.  F.  Al'frecht,  of  .Magdeburg.  The  entire  volume  edited,  with  additions, 
by  John  H.  Musser.  M.  D..  Professor  of  Clinical  Medicine.  University  of 
Pennsylvania.  Octavo.  1029  pages,  illustrated,  including  7  full-page  colored 
lithographic  plates.     Cloth,  55.00  net  ;   Half  Morocco,  56.00  net. 

"  These  monographs  in  the  original  hold  an  enviable  place  in  German  medical  literature, 
each  one  being  exhaustive,  complete,  authonlauve,  and  written  by  men  specially  fitted  for 
the  work.  But  the  American  edition  is  not  only  a  reproduction  in  Eufjlish,  it  is  all  of  this 
and  more;  for  the  .\menc.in  t-ditor  has  added  much  of  value  not  included  in  the  onginal. 
and  he  has  brought  evi-ry  fi.trt  thorouijlily  up  to  date." — Jouriiifl  if  the  AmtricoM  Mrdunl 
A:tociatif>n. 
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AMERICAN  EDITION 

NOTHNAGEL'S  PRACTICE 

VOLUMES  NOW  READY  AND  IN  PRESS 

Diseases  of  the  Pancreas,  Suprarenals,  and  Liver 

By  Dr.  L.  Oser,  of  Vienna  ;  Dr.  E.  Neusser,  of  Vienna,  and  Drs.  H. 
Quincke  and  G.  Hoppe-Seyler,  of  Kiel.  The  entire  volume  edited,  with 
additions,  by  Reginald  H.  Fitz,  A.  M.,  M,  D.,  Hersey  Professor  of  the 
Theory  and  Practice  of  Physic,  Harvard  University  ;  and  Frederick  A. 
Packard.  M.  D.,  Late  Physician  to  Pennsylvania  and  Children's  Hospitals. 
Octavo  of  918  pages,  illustrated.    Cloth,  I5.00  net ;  Half  Morocco,  56.00  net. 

"  It  aims  to  review  the  relation  of  medical  practice  to  normal  and  pathological  physiology, 
and  its  copious  bibliography  makes  the  literature  of  each  subject  available."— y<»Awj  Hop- 
kins Hospital  Bulletin. 

Diseases  of  the  Stomach 

By  Dr.  F.  Riegel.  of  Giessen.  Edited,  with  additions,  by  Charles  G. 
Stockton,  M.  D.,  Professor  of  Medicine,  University  of  Buffalo.  Handsome 
octavo  of  835  pages,  with  29  text-cuts  and  6  full-page  plates.  Cloth,  $5.00 
net :  Half  Morocco,  $6.00  net. 

This  work  is  a  complete  exposition  of  the  diseases  of  the  stomach.  Full  consideration 
is  given  to  the  hydrochloric  acid  question,  the  latest  views  being  incorporated  by  the 
editor.     Particular  attention  has  been  given  to  disturbances  of  motility  and  secretion. 

Diseases  of  the  Intestines  and  Peritoneum 

By  Dr.  Hermann  Nothnagel,  of  Vienna.  The  entire  volume  edited,  with 
additions,  by  H.  I).  Rolleston,  M.  D.,  F.  R.  C.  P.,  Physician  to  St.  George's 
Hospital,  London.     Octavo  of  1050  pages,  finely  illustrated.        Just  Ready. 

Tuberculosis  and  Acute  General  Miliary  Tuberculosis 

By  Dr.  G.  Cornet,  of  Berlin.  Edited,  with  additions,  by  Walter  B. 
James.  M.  D.,  Professor  of  the  Practice  of  Medicine,  Columbia  University, 
New  York.     Handsome  octavo  of  806  [)ages.  Just  Ready. 

Influenza,  Dengue,  Malarial  Diseases 

By  Dr.  O.  Leichtensterx.  of  Cologne,  and  Dr.  J.  Mannaberg,  of  Vienna. 
The  entire  volume  edited,  with  additions,  by  Ronald  Ross,  F.  R.  C.  S,,  Eng., 
D.  P.  H.,  F.  R.  S.,  Major,  Indian  Medical  Service,  retired;  Walter  Myers 
Lecturer,  Liverpool  School  of  Tropical  Medicine.  Liverpool.  Handsome 
octavo  of  700  pages,  with  7  full-page  lithographic  plates  in  colors. 

Anemia,    Lreukemia,    Pseudoleukemia,  Hemoglobinemia,  and 
Chlorosis 

By  Dr.  P.  Ehrlich,  of  Frankfort-on-the-Main  ;  Dr.  A.  Lazarus,  of  Char- 
lottenburg  ;  Dr.  Felix  Plnki's.  of  Berlin  ;  and  Dr.  K.  von  Noorden.  of 
Frankfort-on-the-Main.  The  entire  volume  edited,  with  additions,  by  Alfred 
STEN(iEL,  M.  D.,  Professor  of  Clinical  Medicine.  University  of  Pennsylvania. 
Handsome  octavo  of  750  pages,  with  5  full-paj;e  lithographs  in  colors. 

Diseases  of  Kidneys  and  Spleen,  and  Hemorrhagic  Diatheses 

By  Dr.  H.  Senator,  of  Berlin,  and  Dr.  M.  Littkn.  of  Berlin.  The  entire 
volume  edited,  with  additions,  by  James  B.  Hkrrick.  M.  I).,  Professor  of  the 
Practice  of  Medicine,  Rush  Medical  College,  in  affiliation  with  the  Iniversity 
of  Chicago.     Octavo  of  800  pages,  finely  illustrated. 

EACH  VOLUME  IS  COMPLETE  IN  ITSELF  AND  IS  SOLD  SEPARATELY 


THE  PRACTICE   OF  MEDICINE 


Anders' 
Practice  of  Medicine 

Sixth  Revised  Edition— Just  Issued 


A  Text-Book  of  the  Practice  of  Medicine.  By  James  M.  Anders, 
M.  D.,  Ph.  D.,  LL.  D.,  Professor  of  the  Practice  of  Medicine  and  of 
Clinical  Medicine,  Medico- Chirurgical  College,  Philadelphia.  Hand- 
some octavo,  1295  pages,  fully  illustrated.  Cloth,  $5.50  net;  Sheep 
or  Half  Morocco,  $6.50  net. 

SIX  EDITIONS   IN  SIX  YEARS 

The  success  of  this  work  as  a  text-book  and  as  a  practical  guide  for  physi- 
cians has  been  truly  phenomenal,  six  large  editions  having  been  called  for 
in  as  many  years.  The  rapid  exhaustion  of  each  edition  has  made  it  possible 
to  keep  the  book  absolutely  abreast  of  the  times,  so  that  Anders'  Practice  has 
become  justly  celebrated  as  the  most  up-to-date  work  on  practice.  In  this 
edition  Malaria,  Yellow  Fever,  Bacillary  Dysentery,  Cholecystitis,  and  the  use  of 
the  X-rays  in  Diagnosis  and  Treatment  have  been  fully  discussed,  incorporating  the 
results  of  the  most  recent  investigations.  Among  the  new  subjects  introduced  are 
Paratyphoid  Fever,  the  Fourth  Disease,  Trypanosomiasis,  Orthostatic  Albuminuria, 
Transcortical  Aphasia,  Adiposis  Dolorosa,  and  Amaurotic  Family  Idiocy,  particu- 
lar attention  being  paid  to  clinical  character,  diagnosis,  and  treatment. 


PERSONAL  OPINIONS 


James  C.  WHson,  M.  D.. 

Professor  of  the  Practice  of  Medicine  and  of  Clinical  Medicine,  Jefferson  Medical  College 

Philadelphia. 
"  It  is  an  excellent  book — concise,  comprehensive,  thorough,  and  up-to-date.     It  is  a 
credit  to  you;  but,  more  than  that,  it  is  a  credit  to  the  profession  of  Philadelphia — to  us." 

A.  C.  Cowperthwait.  M.  D.. 

President  Illinois  Homeopathic  Medical  Association. 

"  I  consider  Dr.  Anders'  book  not  only  the  best  late  work  on  Medical  Practice,  but  by  far 
the  best  that  has  ever  been  published.  It  is  concise,  systematic,  thorough,  and  fully  up-to-date 
in  everything.     I  consider  it  a  great  credit  to  both  the  author  and  the  publishers." 

George  Roe  Lockwood.  M.  D.. 

Attending  Physician  to  the  Bellevue  Hospital,  New  York. 

"  I  have  read  several  of  the  important  chapters  carefully,  and  am  very  much  pleased  with 
the  work.  It  is  thoroughly  up-to-date,  well  expressed,  and  shows  evidence  of  clinical  expe- 
rience." 


SAUNDERS'   BOOKS  ON 


Saunders' 
Pocket  Medical  Formulary 

Sixth  Edition,  Revised 


Saunders'  Pocket  Medical  Formulary.  By  William  M.  Powell, 
M.  D.,  author  of  "  Essentials  of  Diseases  of  Children  " ;  Member  of 
Philadelphia  Pathological  Society.  Containing  1844  formulas  from  the 
best-known  authorities.  With  an  Appendix  containing  Posological 
Table,  Formulas  and  Doses  for  Hypodermic  Medication,  Poisons 
and  their  Antidotes,  Diameters  of  the  Female  Pelvis  and  Fetal  Head, 
Obstetrical  Table,  Diet-lists,  Materials  and  Drugs  used  in  Antiseptic 
Surgery,  Treatment  of  Asphyxia  from  Drowning,  Surgical  Remem- 
brancer, Tables  of  Incompatibles,  Eruptive  Fevers,  etc.,  etc.  In  flex- 
ible morocco,  with  side  index,  wallet,  and  flap.     $2.00  net. 

CONTAINING  200  NEW  FORMULAS 

In  compiling  this  handy  volume  the  author  has  introduced  as  many  of  the 
more  important  recently  discovered  drugs  as  possible.  Besides  the  many  hun- 
dreds of  famous  formulas  collected  from  the  works  of  the  most  eminent  physicians 
and  surgeons  of  the  world,  it  contains  many  valuable,  and  hitherto  unpublished, 
prescriptions  from  the  private  practice  of  distinguished  practitioners  of  to-day. 
In  this  new  edition  the  work  has  been  thoroughly  and  carefully  revised  and  cor- 
rected, and  some  two  hundred  new  and  valuable  formulas  added.  The  Dose- 
table  has  been  brought  up  to  date,  and  the  entire  work  made  to  comply  in  every 
way  with  the  latest  knowledge  on  the  subjects  it  contains. 


OPINIONS  or  THE  MEDICAL  PRESS 


Medical  Recoid.  New  York 

"This  little  book,  that  can  be  conveniently  carried  in  the  pocket,  contains  an  immense 
amount  of  material.  It  is  very  useful,  and,  as  the  name  of  the  author  of  each  prescription  is 
given,  is  unusually  reliable." 

Johns  Hopldns  Hospital  Bulletin 

"  Arranged  in  such  a  way  as  to  make  consultation  of  it  as  easy  as  possible.  It  is  remark- 
able how  much  information  the  author  has  succeeded  in  getting  into  so  small  a  book." 

Boston  Medical  and  Sur^al  Journal 

"  The  book  is  attractively  ])Ound  in  flexible  U-ather.  and  the  fact  that  it  has  reached  its 
sixth  edition  bears  ample  testimony  to  its  popularity." 


THE  PRACTICE  OF  MEDICINE 


Cichhorst's 
Practice  of  Medicine 

A  Text-Book  of  the  Practice  of  Medicine.  By  Dr.  Hermann  Eich- 
HORST,  Professor  of  Special  Pathology  and  Therapeutics  and  Director 
of  the  Medical  Clinic,  University  of  Zurich.  Translated  and  edited  by 
Augustus  A.  Eshner,  M.  D.,  Professor  of  Clinical  Medicine,  Phila- 
delphia Polyclinic.  Two  octavo  volumes  of  600  pages  each,  with  over 
150  illustrations.  Price  per  set:  Cloth,  $^.qo  net;  Sheep  or  Half 
Morocco,  $7.50  net. 

BY  ONE  OF  THE  GREATEST  OF  GERMAN  CLINICIANS 

This  book  is  a  new  one,  but  on  its  publication  it  sprang  into  immediate 
popularity,  and  is  now  one  of  the  leading  text -books  in  Germany.  It  is  prac- 
tically a  condensed  edition  of  the  author's  great  work  on  Special  Pathology  and 
Therapeutics,  and  it  forms  not  only  an  ideal  text-book  for  students,  but  a  practical 
guide  of  unusual  value  to  practising  physicians. 

Bulleiin  of  Johns  Hopldns  Hospital 

"This  book  is  an  excellent  one  of  its  kind.  Its  completeness,  yet  brevity,  the  clinical 
methods,  the  excellent  paragraphs  on  treatment  and  watering-places,  will  make  it  very  desir- 
able." 


Bridge  on  Tuberculosis 

Tuberculosis.  By  Norman  Bridge.  A.M.,  M.  D.,  Emeritus  Pro- 
fessor of  Medicine  in  Rush  Medical  College,  in  affiliation  with  the 
University  of  Chicago.  i2mo  of  302  pages,  illustrated.  Cloth, 
;i5i.50  net. 

RECENTLY  ISSUED 

In  this  excellent  work  the  practical  side  of  the  care  and  management  of  those 
sick  with  the  various  non-surgical  forms  of  tuberculosis  has  been  concisely  stated. 
Full  consideration  has  been  given  to  prophylaxis,  an  all-important  phase  of  the 
subject  that  has  heretofore  been  much  neglected.  There  are  also  chapters  upon 
the  Bacillus  of  Tuberculosis ;  oi\  the  Pathology,  Etiology,  Symptoms,  Physical 
Signs,  Diagnosis,  and  Prognosis  of  the  disease. 

Johns  Hopkins  Hospital  Bulleiin 

"The  book  is  simply,  clearly,  and  pleasantly  written.  .  .  .  Full  of  good  sense,  which  no 
one  will  read  without  profit." 


SAUADERS'    BOOK'S  ON 


GET  A    ^^  •  THE  NEW 

THE  BEST  JMLinCriCSin  standard 

Illustrated   Dictionary 

Third  Revised  Edition— Just  Issued 


The  American  Illustrated  Medical  Dictionary.  A  new  and  com- 
plete dictionary  of  the  terms  used  in  Medicine,  Surgery,  Dentistry, 
Pharmacy,  Chemistry,  and  kindred  branches ;  with  over  lOO  new  and 
elaborate  tables  and  many  handsome  illustrations.  By  W.  A.  Newman 
Borland,  M.  D.,  Editor  of  "  The  American  Pocket  Medical  Diction- 
ary." Large  octavo,  nearly  800  pages,  bound  in  full  flexible  leather. 
Price,  $4.50  net ;  with  thumb  index,  $5.00  net. 

Gives  a  Maximtim  Amount  of  Matter  in  a  Minimum  Space,  and  at  tfie  Lowert 

PoMtble  Cost 

THREE  EDITIONS  IN  THREE  YEARS— WITH  1500  NEW  TERMS 

The  immediate  success  of  this  work  is  due  to  the  special  features  that  distin- 
guish it  from  other  books  of  its  kind.  It  gives  a  maximum  of  matter  in  a  mini- 
mum space  and  at  the  lowest  possible  cost.  Though  it  is  practically  unabridged, 
yet  by  the  use  of  thin  bible  paper  and  flexible  morocco  binding  it  is  only  i  ji^ 
inches  thick.  The  result  is  a  truly  luxurious  specimen  of  book-making.  In  this 
new  edition  the  book  has  been  thoroughly  revised,  and  upward  of  fifteen  hundred 
new  terms  that  have  appeared  in  recent  medical  literature  have  been  added,  thus 
bringing  the  book  absolutely  up  to  date.  The  book  contains  hundreds  of  terms 
not  to  be  found  in  any  other  dictionary,  over  100  original  tables,  and  many  hand- 
some illustrations,  a  number  in  colors. 


PERSONAL   OPINIONS 


Howard  A.  Kelly.  M.  D.. 

hroftsior  0/  Gynecology,  Johns  Hopkins  University,  Baltimore. 

"  Dr.  Dorlands  diction.iry  is  admirable.     It  is  so  well  gotten  up  and  of  such  convenient 
sixe.     No  errors  have  been  found  in  my  use  of  it." 

Roswell  Park.  M.  D.. 

Professor  of  Principles  and  Practice  of  Surgery  and  of  Clinical  Surgery,  University  oj 

Buffalo. 
"  I  must  acknowledge  my  astonishment  at  seeing  how  much  he  has  condensed  within  rela- 
tively small  space.     I  find  nothing  to  criticize,  very  much  to  commend,  and  was  interested  in 
finding  some  of  the  new  words  which  are  not  in  other  recent  dictionaries." 


THERAPEUTICS  AND  DIAGNOSIS, 


Pusey  and  Caldwell  on 
X-Rays 

in  Therapeutics  and  Dia£[nosis 


The  Practical  Application  of  the  Rontgen  Rays  in  Therapeutics 
and  Diagnosis.     By  William  Ai.len  Pusey,  A.  M.,  M.  D.,  Professor 

of  Dermatology  in  the  University  of  Illinois;  and  Elt.ene  W.  Cald- 
well, B.  S.,  Director  of  the  Edward  N.  Gtbbs  X-Ray  Memorial  Labo- 
ratory of  the  University  and  Bellevue  Hospital  Medical  College,  New 
York.  Handsome  octavo  volume  of  625  pages,  with  200  illustrations, 
nearly  all  clinical. 

JUST  ISSUED—NEW  (2il)  EDITION*  REVISED  AND  ENLARGED 
TWO  LARGE  EDITIONS  IN  ONE  YEAR 

Two  large  editions  of  this  work  within  a  year  testify  to  its  practical  value  to 
both  the  specialist  and  general  practitioner.  Throughout  the  work  it  has  been 
the  aim  of  the  authors  to  elucidate  the  practical  aspects  of  the  subject,  and  to 
this  end  the  text  has  been  beautifully  illustrated  with  clinical  pictures,  showing 
the  condition  before  the  use  of  the  X-rays,  at  various  stages  of  their  application, 
and  the  final  therapeutic  result  obtained.  Details  are  also  given  regarding  the  use 
and  management  of  the  apparatus  necessarj'  for  X-ray  work,  illustrating  the 
descriptions  with  instructive  photographs  and  drawings.  In  making  the  revision 
the  histories  of  the  cases  cited  have  been  brought  down  to  the  present  time. 


OPINIONS  OF  THE  MEDICAL  PRESS 


British  JouthaI  of  Dermatolo^ 

■   The  most  complete  and  up-io-dale  contribution  on  the  subject  of  the  therapeutic  action 
of  ihe  RSnigen  rays  which  has  been  publislied  in  English," 

Boston  Medical  cuod  Surreal  Jotirnal 

'  It  is  indispens.ible  to  those  who  use  the  X-rays  as  a  therapeutic  agent ;  and  its  illustrations 
art:  st;  nunKTou*  .  .   .  thai  it  hecorocs  valuable  to  every  one," 
New  York  Medical  Journal 

••  We  have  nothing  but  praise  for  this  volume,  the  combined  work  of  two  authors  than 
whom  no  one  is  better  fitted  by  training  or  experience  to  write  in  his  individual  field." 


lo  SAUNDERS  BOOKS   ON 

Barton  and  WelU' 
Medical  Thesaurus 

A  NEW  WORK— JUST  ISSUED 


A  Thesaurus  of  Medical  Words  and  Phrases.  By  Wilfred  M. 
Barton,  A.  M.,  Assistant  to  Professor  of  Materia  Medica  and  Thera- 
peutics, and  Lecturer  on  Pharmacy,  Georgetown  University,  Washing- 
ton, D.  C. ;  and  Walter  A.  Wells,  M.  D.,  Demonstrator  of  Laryn- 
gology, Georgetown  University,  Washington,  D.  C.  Handsome  i2mo 
of  534  pages.  Flexible  leather,  $2.50  net;  with  thumb  index,  ^3.00 
net. 

THE  ONLY  MEDICAL  THESAURUS  EVER  PUBLISHED 

This  work  is  the  only  Medical  Thesaurus  ever  published.  It  aims  to  perform 
for  medical  literature  the  same  services  which  Roget'swork  has  done  for  literature 
in  general ;  that  is,  instead  of,  as  an  ordinary  dictionary  does,  supplying  the 
meaning  to  given  words,  it  reverses  the  process,  and  when  the  meaning  or  idea 
is  in  the  mind,  it  endeavors  to  supply  the  fitting  term  or  phrase  to  express  that 
idea.  To  obviate  constant  reference  to  a  lexicon  to  discover  the  meaning  of 
terms,  brief  definitions  are  given  before  each  word.  As  a  dictionary  is  of  service 
to  those  who  need  assistance  in  interpreting  the  expressed  thought  of  others,  the 
Thesaurus  is  intended  to  assist  those  who  have  to  write  or  to  speak  to  give  proper 
expression  to  their  own  thoughts.  In  order  to  enhance  the  practical  application 
of  the  book  cross  references  from  one  caption  to  another  have  been  introduced, 
and  terms  inserted  under  more  than  one  caption  when  the  nature  of  the  term 
permitted.  In  the  matter  of  synonyms  of  technical  words  the  authors  have  per- 
formed for  medical  science  a  service  never  before  attempted.  Writers  and 
speakers  desiring  to  avoid  unpleasant  repetition  of  words  will  find  this  feature 
of  the  work  of  invaluable  ser\'ice.  Indeed,  this  Thesaurus  of  medical  terms  and 
phrases  will  be  found  of  inestimable  value  to  all  persons  who  are  called  upon 
to  state  or  explain  any  subject  in  the  technical  language  of  medicine.  To  this 
class  belong  not  only  teachers  in  medical  colleges  and  authors  of  medical  books, 
but  also  every  member  of  the  profession  who  at  some  time  may  be  required  to 
deliver  an  address,  state  his  experience  before  a  medical  society,  contribute  to 
the  medical  press,  or  give  testimony  before  a  court  as  an  expert  witness. 


MATERIA   MEDICA  AND    THERAPEUTICS.  ii 

Stevens'  Materia  Medica 
and  Therapeutics 


A  Text-Book  of  Modern  Materia  Medica  and  Therapeutics.     By 

A.  A.  Stevens,  A.  M.,  M.  D.,  Lecturer  on  Physical  Diagnosis  in  the 
University  of  Pennsylvania.  Handsome  octavo  volume  of  663  pages, 
Cloth,  $1.^0  net. 

JUST  ISSUED— THIRD  EDITION.  REWRITTEN  AND  ENLARGED 

Since  the  appearance  of  the  last  edition  of  this  book  such  rapid  advances 
have  been  made  in  Materia  Medica.  Therapeutics,  and  the  allied  sciences  that 
the  author  felt  it  imperative  to  rewrite  the  work  entirely.  All  the  newer  reme- 
dies that  have  won  approval  by  recognized  authorities  have  been  incorporated, 
and  their  therapeutic  properties  fully  discussed,  thus  bringing  the  book  absolutely 
down  to  date.  The  work  includes  the  following  sections  :  Physiologic  Action  of 
Drugs ;  Drugs  ;  Remedial  Measures  other  than  Drugs  ;  Applied  Therapeutics ; 
Incompatibility  in  Prescriptions  ;  Table  of  Doses  ;  Index  of  Drugs  ;  and  Index 
of  Diseases  ;  the  treatment  being  elucidated  by  more  than  two  hundred  formulae. 


OPINIONS  or  THE  MEDICAL  PRESS 


UniverMty  Medical  Magaanne 

"  The  author  has  faithfully  presented  modem  therapeutics  in  a  comprehensive  work  .  .  . 
and  it  will  be  found  a  reliable  guide  and  sufficiently  comprehensive  for  the  physician  in 
practice." 

Briitol  Medico-Chinir^cal  Journal,  Bristol 

"This  addition  to  the  numerous  worlcs  on  Therapeutics  is  distinctly  a  good  one.  ...  It 
is  to  be  recommended  as  being  systematic,  clear,  concise,  very  fairly  up  to  date,  and  carefully 
indexed." 


Monro's  Manual  of  Medicine  just  issued 

Manual  of  Medicine.  IJy  Thomas  Kikkpatrick  Monro,  M.  A.,  M.  D., 
Fellow  of,  and  Kxaminer  to,  the  Faculty  of  Physicians  and  Surgeons, 
England  ;  C'.la.sgow  Physician  tf*  Cilasgow  Royal  Infirmar\',  (Glasgow,  etc. 
Octavo  volume  of  yoi  pages,  illustrated.      Cloth,  S5.00  net. 
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The  American  Pocket  Medical  Dictionary.    4ih  cdition.  just  Ready 

The  American  Pocket  Medical  Dictionary.  Edited  by  W.  A.  Newman  Dor- 
land,  M.  D.,  Assistant  Obstetrician  to  the  Hospital  of  the  University  of  Pennsylvania. 
Containing  the  pronunciation  and  definition  of  the  principal  words  used  in  medicine 
and  kindred  sciences,  with  64  extensive  tables.  Flexible  leather,  with  gold  edges, 
#1.00  net ;  with  thumb  index,  ^1.25  net. 

"  I  can  recommend  it  to  our  students  without  reserve."— J.  H.  Holland,  II.  D..  Dtan  of  tkt 
JefftrsffH  Mtdkal  College,  PhiUdelphia. 

Vierordt's  Medical  Diagnosis,    rowth  Edstion.  Revised 

Medical  Diagnosis.  By  Dr  Oswald  Vierordt,  Professor  of  Medicine,  Univer- 
sity of  Heidelberg.  Translated  from  the  fifth  enlarged  German  edition  by  Francis 
H.  Stuart,  A.  M.,  M.  D.  Octavo,  603  pages,  104  wood  cuts.  Qoth,  ;M^.oo  net; 
Sheep  or  Half  Morocco,  $5.00  net. 

"  Has  been  reco(fniied  as  a  practical  work  of  the  highest  value.  It  may  be  considered  indispensable 
both  to  students  and  practitioners." — P.  Minot,  M.  D.,  late  Pr^ettor  ^  Tktory  and  PracHct  in 
Harvard  Untvertity. 

Cohen  and  Eshner's  Diagnosis.    Second  ReviMd  Edition 

Essentials  of  Diagnosis.  By  S.  Solis-Cohen,  M.  D.,  Senior  Assistant  Professor 
in  Clinical  Medicine.  Jefferson  Medical  College,  Phila.  ;  and  A.  A.  Eshner,  M.  D., 
Professor  of  Clinical  Sledicine,  Philadelphia  Polyclinic.  Post-octavo,  382  pages ;  55 
illustrations.     Cloth,  $1.00  net     In  Saunders'  Question-Compmd  Series. 

"  Concise  in  the  treatment  of  subject,  terse  in  expression  of  U.ct."—Am€rican  Journal  <(f  th* 
Medical  Sciences. 

Morris'  Materia  Medica  and  Therapeutics.    Fifth  Revised  Edition 

Essentials  of  Materia  Medica,  Therapeutics,  and  Prescription-Writing. 
By  Henry  Morris,  M.  D.,  late  Demonstrator  of  Therapeutics,  Jefferson  Medical 
College,  Phila.  Post-octavo,  250  pages.  Cloth,  $1.00  net.  In  Sounder^  Question- 
Compend  Series. 

"  Cannot  fail  to  impress  the  mind  and  instinct  in  a  lasting  manner." — Buffalo  Medical  Journal. 

Sayre's  Practice  of  Pharmacy.    Second  Edition.  Revised 

Essentials  of  the  Practice  of  Pharmacy.  By  Lucius  E.  Sayre,  M.  D.,  Pro- 
fessor of  Pharmacy,  University  of  Kansas.  Post-octavo,  200  pages.  Cloth, ;( 1. 00  net. 
In  Saunders'  Question-  CompenJ  Series. 

"  The  topics  are  treated  in  a  simple,  practical  manner,  and  the  work  forms  a  very  useful  student's 
manual." — Boston  Medical  and  Surgical  Journal. 

Brockway's  Medical  Physics.     Second  Edition.  Revised 

Essentials  of  Medical  Physics.  By  Fred.  J.  Brockway,  M.  D.,  late  Assistant 
Demonstrator  of  Anatomy,  College  of  Physicians  and  Sui^eons,  N.  Y.  Post-octavo, 
330  pages;  155  fine  illustrations.  Cloth,  il.oo  net.  In  Saunders'  Question- CompenJ 
Series. 

"  It  contains  all  that  one  need  know  on  the  subject,  is  well  written,  and  is  copiously  illustrated." — 
Medical  Record,  New  York. 

Stoney's  Materia  Medica  for  Nurses 

Materia  Medica  for  Nurses.  By  Emm.y  A.  M.  Stoney,  Superintendent  of  the 
Training  School  for  Nurses  at  the  Carney  Hospital,  South  Boston,  Mass.  Handsome 
octavo  volume  of  306  pages.     Cloth,  $1.50  net. 

"  It  contains  about  everytSingr  that  a  nurse  ought  to  know  in  regrard  to  drags."— Journal  of  the 
American  Medical  Association. 

Gralstrom's  Mechano-therapy 

A  Text-Book  of  Mrchano-thkrapv  (Massage  and  Medical  (gymnastics).  By 
Axel  V.  Grafstrom,  B.  Sc,  M.  I).,  late  House  Physician.  City  Hospital,  Black- 
well's  Island,  N.  Y.     l2mo,  139  pages,  illustrated.     ?l.oo  not. 

"  Certainly  fulfills  its  mission  in  renderinff  comprehensible  the  subjects  of  massage  and  medical 
gymnastics.''— AVv;  York  Medical  Journal. 
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